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VEGETATIVE  AND  FERTILE  BRANCHES  OF  COTTON. 


THE  PROBLEM  OF  THE   1  M  TJloXEM  EXT  OF 

COTTON  IX  THE   UXTTED  PJIOVIXCES 

OF  AGRA  AXl)  OTDH. 

By  II.  MAIiTIN   LKAKK,  ma,   k.ls., 
Economic  Botanist, 

AND 

A.  E.  PAUR,  n.BC,  pji.d., 
Deputy  Director ^  I'uitad  Provinces. 

This  note  was  originally  written  at  tlio  request  of  the 
management  of  the  Agricultural  Court,  United  Provinces  Exhil)- 
ition,  and  in  it  are  outlined  the  lines  of  work  now  in  process  of 
development  by  the  United  Provinces  Department  of  Agricul- 
ture for  the  improvement  of  the  cottons  grown  in  the  Provinces. 

This  work  in  its  entirety  consists  of  two  distinct  sections, 
the  production  of  an  improved  type,  or  types,  suitetl  to  the 
agricultural  conditions  of  the  Provinces  and  tiieir  introduction 
into  general  cultivation.  Though  at  the  present  time  the  limits 
of  the  preliminary  experimental  work  have  barely  been  reached, 
it  seemed  desirable  for  the  purpose  then  in  view  to  outline  the 
entire  problem.  A  few  pure  races — the  outcome  of  the  earliest 
crosses— are  at  a  sufficiently  advanced  and  promising  stage  to 
be  subjected  to  field  trial.  These  are,  however,  oidy  derived 
from  preliminary  crosses,  made  at  a  time  when  a  very  elementary 
knowledge  of  the  different  types  of  cotton  cultivated  was  avail- 
able. With  a  more  complete  knowledge  of  these  types,  further 
crosses  have  been  made  from  which  still  further  iFuprovement 
is  confidently  antici[)ated,  but  of  whfch  it  is  still  too  early  to 
speak  with  certainty. 

Though  cotton  is  grown  throughout  the  United  Provinces, 
the  tract  where  it  is  most  largely  cultivated  and  where  the  crop 
forms  over  30  per  cent,  of  the  total  Kluirif  area  is  .situated  in 
the  western  districts.  Throughout  this  area,  and  throughout 
the  greater  portion  of  the  rest  of  the  Province^,   a  single  species 
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of  cotton  is  cultivated  which  has  been  termed  Gossypium 
neglectum  Tod.  by  Gammie,  but  is  classified  as  two  varieties 
var.  neglecta  and  var.  rosea  of  the  Linnean  species  G.  arhoreum 
by  Watt.  Within  this  single  species,  however,  a  large  number 
of  forms  exist  which  are  distinguished  by  certain  minor  characters. 
Tims  the  flowers  may  be  yellow  or  white  ;  the  leaves  slightly, 
or  deeply,  dissected  and  the  glands  of  the  leaf  may  be  present 
or  absent.  The  lint  of  all  forms  is  short  and  coarse  though 
there  are  degrees  in  the  length  of  fibre  and  in  the  proportion  of 
lint  to  seed  in  the  hapas.  Further,  though  the  lint  of  the 
widely  cultivated  forms  is  invariabl}^  white,  a  certain  number 
of  plants  can  be  found  here  and  there  in  which  the  lint  colour 
is  of  a  rich  red  brown,  or  hhaki  colour. 

Such  is  the  condition  of  the  main  cotton  crop  of  the 
Provinces  at  the  present  &Siy.  Its  main  characteristics  are  the 
shortness  and  coarseness  of  the  lint  and  the  great  confusion  of 
types  which  are,  with  few  exceptions,  grown  in  one  field.  These 
tj^pes  are  the  truly  indigenous  cottons  of  India.  In  addition 
to  this  the  numerous  importations  of  foreign  seed,  chiefly  from 
America,  but  also  from  Egypt,  which  have  from  time  to  time 
taken  place,  have  left  their  mark  on  the  Provinces  and  in  most 
districts  plants  of  this  type  can  be  found.  The  latest  and  most 
determined  of  these  importations  is  that  made  by  the  Department 
of  Agriculture,  United  Provinces,  into  the  cotton  districts  round 
Aligarh.  The  American  type  can  now  here  and  there  be  found 
growing  as  a  field  crop  but,  for  reasons  which  are  probably  partly 
economic  and  partly  agricultural,  its  cultivation  has  not  spread 
and  it  is  unlikely  that  it  will  replace  to  any  extent  the  indigen- 
ous forms. 

Lastly  there  is  one  more  group  of  cottons  which  is  found  as 
a  crop  within  the  limits  of  these  Provinces.  This  is  a  group 
characterised  by  the  Radhiya  of  the  eastern  districts  and  is  the 
G.  intermedium  of  Gammie.  Its  cultivation  is  limited  to  the 
eastern  districts  such  as  Gorakhpur  and  Allahabad  but  extends 
into  Bengal.  It  is  found  growing  alone  but  more  commonly  as 
an  element  of  a  mixed  crop.     The  crop  occupies  the   ground    for 
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a  lengthy  period  and  begins  to  yield  towards  the  end  of  the  cold 
weather.  It  is,  therefore,  (luite  unsuited  for  cultivation  in  any 
area  where  the  cold  is  sutfieient  to  check  crrowth,  and  lart^e- 
ly  for  this  reason  its  cultivation  is  centred  in  Bengal  and  extends 
only  to  the  eastern  districts  of  the  United  Provinces  where  tlie 
more  temperate  climate  permits  of  its  growth. 

In  addition  to  the  above,  which  form  the  field  cottons 
of  these  Provinces,  there  are  a  few  forms  whicli  are  fouiid  as 
isolated  plants  scattered  here  and  there  throughout  and  only 
occasionallj'  found  as  a  field  cro[).  Among  these  are  forms  with 
hlJial')  lint,  l)oth  of  the  American  and  Indian  type,  and  especial- 
ly the  Nurma,  or  red  flowered  cotton — the  (r.  arborcum  of  most 
writers.  This  form  is  of  considerable  importance  as  possessing 
the  longest  staple  of  any  cotton  indigenous  to  the  Provinces.  It 
is  found  chiefly  in  the  vicinity  of  temples  where  a  few  plants 
ma}^  be  found  from  the  fibre  of  which  the  Brahmanical  thread  is 
spun.  It  is  a  perennial  and,  like  the  Radliiija  already  described, 
very  late  flowering.  Its  yield  in  the  first  year  is  consequently 
very  light  and  its  cultivation  (piite  unremunerative  as  a  field 
crop. 

In  problems  of  the  present  nature  success  is  frequently 
dependent  on  the  degree  to  which  the  aim  receives  clear 
definition  in  the  mind.  Only  by  so  doing  can  the  best  lines  on 
which  the  work  may  be  developed,  be  determined  with  any 
certainty.  It  is,  therefore,  of  the  utmost  importance  in  the 
present  case  to  obtain  such  a  clear  definition  and  the  problem 
must  now  be  approached  from  this  point  of  view. 

In  its  agricultural  aspect  the  aim  of  all  improvements 
.should  be  the  increase  in  the  return  (jf  a  unit  area  of  land. 
This  increase  may  be  procured  by  a  reduction  of  working  expenses 
in  production  or  by  an  enhancement  in  value  of  the  produce, 
which  enhancement  may  be  obtained  either  by  increasing  the 
yield  of  a  given  produce  or  by  improving  the  quality  and  hence 
value  of  the  article  produced,  ii:  which  ca.se  even  a  diminution 
in  gross  yield  may  be  permissible.  In  the  case  of  cotton  the 
problem   is   complicated    by   the  fact  that  the  agricultural  is  not 
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the  sole  aspect.  There  exists  withm  these  Provinces  a 
considerable  industry  using  cotton  as  its  raw  material  whose 
interests  cannot  be  ignored.  Nor  can  it  be  assumed  on  a 
2)riori  grounds  that  the  agricultural  and  industrial  interests  are 
coincident.  In  the  present  instance  that  the  two  interests  are, 
to  a  large  extent  concurrent  is,  we  think,  fairly  clear.  It  may 
be  that  temporary  circumstances  for  the  time  have  made 
quantity  of  major,  and  qualit}'  of  minor,  importance  ;  but  it  is 
quaHty  which  will  pay  in  the  long  run,  and  this,  therefore,  is 
the  point  to  which  most  attention  has  to  be  paid.  There  are, 
it  is  needless  to  say,  degrees  in  quality,  and  it  is  not  suggested 
that  it  would  be  economicall}^  sound  to  produce  the  finest 
grades  of  cotton.  What  it  is  desired  to  aim  at,  rather,  is  a 
cotton  of  medium  length  capable  of  spinning  between  30's 
and  40's  and  with  a  silk}^  texture — this  latter  character  in 
all  probability  depending  on  the  diameter  of  the  individual 
fibres. 

In  the  scheme  for  improvement  here  outlined,  we  are  not 
concerned  with  any  such  methods  as  are  dependent  on  the 
cheapening  of  the  cost  of  production.  In  the  present  case  there 
is  little  scope  for  such  improvement  before  the  produce  reaches 
the  ginning  factory,  nor  are  we  concerned,  except  in  the  broadest 
manner,  with  methods  for  increasing  indirectly  the  fertility 
of  the  land  on  which  the  crop  is  grown,  such  as  cultivation 
and  manuring;  under  present  circumstances  these  too  afford 
small  opening  for  any  large  improvement.  What  we  are 
concerned  with  is  that  improvement  which  is  dependent  on  the 
physiological  and  morphological  characters  of  the  cotton  plant 
itself — characters  which  are  not  to  an}^  large  extent  affected  by 
the  environment. 

It  follows  from  this  that  any  practical  improvement  can  only 
be  obtained  as  the  result  of  a  close  study  of  the  characteristics 
of  the  cotton  plant  which  study  must  precede  any  work  aimino- 
at  a  practical  end.  The  work,  therefore,  falls  roughly  into 
two  divisions,  the  purely  scientific  preceding  and  the  practical 
following. 
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We  have  already  shown  that  the  cotton  crop  as  it  is  grown 
throughout  the  Provinces  consists  of  a  large  mixture  of  types. 
The  first  step  of  inipurtanee,  therefore,  is  to  find  out  the  units 
of  the  crop,  by  which  is  meant  the  number  of  forms  which  can 
be  isolated  and  grown  in  pure  culture.  Having  obtained  these, 
the  second  step  is  to  find  out  the  unit  characters  of  the  plant, 
that  is,  the  characters  of  lowest  magnitude  which  can  be  traced 
as  units  from  generation  to  generation.  This  may  be  explained 
by  a  concrete  example.  The  Hower  of  the  cotton  plants  of  these 
Provinces  are  of  three  colours,  the  red  Howered  Nurnia  and  the 
yellow  and  white  flowered  Desi.  There  also  occurs  in  the  Punjab 
a  pink  flowered  cotton,  though  we  have  no  record  of  its  occur- 
rence in  these  Provinces.  Now  these  four  forms  of  flower  colour 
are  not  four  separate  characters,  but  arise  from  two  only,  each  of 
which  may  be  present  or  absent.  On  the  combination  of  these 
two  characters  depends  the  resultant  colour  of  the  flower.  Thus 
the  two  colour  characters  are  yellow  and  red.  When  both  colours 
are  present  the  flower  has  the  full  red  colour  ;  when  red  is  present 
and  yellow  is  absent  the  flower  is  pink,  while  if  yellow  is  present 
and  the  red  absent  the  flower  is  yellow.  Lastly,  if  both  are 
absent,  the  flower  will  be  white.  That  this  represents  the  true 
facts  is  shown  by  the  ease  with  which  it  is  possible,  starting  with 
only  pure  red  and  pure  white  flowered  types,  to  breed  out  pure 
pinks  and  yellows,  and  in  like  manner  it  is  possible  to  obtain 
pure  white  and  pure  red  flowered  plants  starting  with  the 
yellow  and  pink  forms  only.  From  this  single  simple  example 
some  idea  may  be  gained  of  what  is  meant  by  a  unit  character. 
The  method  by  which  such  unit  characters  are  determined  is 
also  indicated  to  some  extent  in  the  above,  and  consists  usually 
in  crossing  pure  types  differing  in  one  or  more  characters  and 
observing  the  behaviour  of  these  characters  in  the  next  and 
subsequent  generation. 

It  is  possible  that  a  certain  amount  of  practical  result  may 
be  obtained  directly  from  the  preliminary  isolation  of  pure  types. 
In  the  extensive  mixture  of  forms  found  throughout  the  cotton 
growing  area  it   has    been    found    that    comparatively    few    pure 
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types  exist.  The  remainder  of  the  crop  is  composed  of  interme- 
diate forms,  tlie  result  of  natural  cross-fertilization.  Such  inter- 
mediates will  never  breed  true  but  give  an  indefinite  number  of 
forms  together  with  a  few  plants  agreeing  with  one  or  other  of 
the  pure  types.  Now,  in  such  a  mixture,  there  can  be  little  doubt 
that  some  of  the  forms  are  inferior  to  others  and  it  is  possible 
that,  by  isolating  the  pure  forms,  a  superior  form  may  be  found 
and  its  cultivation  introduced.  There  is  no  prospect  of  improve- 
ment of  quality  by  such  means,  but  an  improvement  in  quantity 
is  to  be  looked  for.  Thus  some  of  the  Desi  types  of  cotton  are 
notably  heavy  yielders  with  a  high  percentage  of  lint  and  in  some 
districts  even  now  are  grown  in  a  nearly  pure  state.  The  purifica- 
tion, and  subsequent  distribution,  of  these  gives  one  line  of 
improvement,  but  it  must  be  emphasised  that  that  improvement  is 
practically  limited  to  quantity.  Work  on  these  lines  is  now  in 
progress  at  Aligarh. 

That  there  is  opening  for  improvement  by  direct  plant  selec- 
tion within  such  a  pure  culture  admits  of  no  hope.  The  most  selec- 
tion can  here  do  is  to  check  any  diminution  in  yield,  chiefly  by 
rigorously  maintaining  the  purity  of  the  seed.  Owing  to  the 
extent  to  which  cross-fertilization  takes  place  in  nature  it  is  a 
matter  of  some  difficulty  even  to  keep  the  more  distinct  types  in 
a  state  of  purity  when  they  are  grown  on  a  small  scale  and,  even 
when  working  on  a  big  scale,  it  is  essential  to  undertake  precau- 
tions such  as  roguing  to  maintain  the  purity  of  the  crop.  It 
will  be  readily  understood,  therefore,  that  it  becomes  a  matter 
<>f  practical  impossibility  to  separate  those  small  and  scarcely 
perceptible  characters  on  the  selection  of  which  improvement 
within  a  pure  type  depends. 

Thus  far  we  have  considered  an  improvement  in  the  gross 
outturn  only— the  quality  remaining  practically  the  same.  This 
however,  is  not  the  main  direction  in  which  improvement  is  to 
be  expected.  This,  as  we  have  stated. above,  is  to  be  found  in 
the  improvement  of  the  quality,  length  and  fineness  of  the  lint. 
For  this  purpose  we  must  turn  elsewhere,  to  the  results,  that  is, 
which  have  been  obtained  in  our   search  for  the   unit  characters. 
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It  is  at  this  stage  that  the  clear  picture  whicli  we  have  formed 
of  what  it  is  desired  to  procure  will  he  of  tlie  utmost  iiiiportaiice. 
Let  us  for  a  minute  examine  tliis  picture  in  greater  detail  tlian 
we  have  liitherto.  It  is  a  plant,  which,  when  sown  at  the 
beginning  of  the  rains,  will  he  ripening  fruit  b}-  the  begiiming 
of  October,  that  is,  it  must  he  in  flower  by  the  end  of  August 
giving  a  vegetative  period  of  about  70 — 80  days.  In  other  words 
it  must  be  early  flowering  ;  it  will  be  vigorous,  a  good  yielder 
with  a  large  boll  and  a  high  percentage  of  lint  ;  the  lint  must 
be  fine  and  silky  and  of  a  length  rendering  it  suitable  for 
spinning  between  30's  and  40's,  which  may  be  placed  roughly 
as  1  inch. 

Of  other  points  of  secondary,  but,  nevertheless,  sutticient, 
importance  to  render  them  worth  consideration  may  be  men- 
tioned the  obvious  advantage  of  a  red  flowered  form.  Wc  have 
already  drawn  attention  to  the  dangers  of  natural  cross-fertiliza- 
tion. There  is  also  the  danger  of  seed  admixture.  These  are 
very  real  dangers  whicli  must  be  faced  or  a  new  form  may  easily 
be  swamped  at  the  start  by  either  of  them  and  thus  lost.  The 
advantage  of  some  such  character  as  a  red  flower,  i>y  which 
a  casual  inspection  will  at  once  di.sclose  any  admixture  or  impure 
plants  would  form  a  check  of  inestimable  value  in  the  early 
stages  of  introduction. 

The  material  from  which  it  is  propcsed  to  obtain  the  j)lant 
just  described  has  already  been  briefly  detailed.  Considered 
from  this  point  of  view,  it  consists  of  the  series  of  forms  all 
with  the  early  flowering  characters  and  .some  possessing  tlie 
heavy  yield  and  good  percentage  lint,  but  lacking  both  the  length 
and  fineness. 

There  occurs  in  isolated  places  among  i\iQs2  forms  a  type, 
allied  to  the  Hinganghat  cottons  of  (^entral  India,  po.sse.ssing 
the  silkv  fibre  but  lackincj  the  len«:th  of  the  latter.  There  are 
again  the  cottons  of  the  eastern  districts  ;  these,  however,  have 
a  late  flowering  period,  nor  is  the  lint  of  much  value  while  the 
percentage  is  very  low.  Lastly,  there  is  the  red  flowered  Xxj-rna, 
very    late   flowering   but   possessing   a  good   staple,   moderately 
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silky  and  having  red  flower  and  foliage.  If  we  go  outside  these 
Provinces  there  are  also  the  true  Hinganghat  plant,  an  early 
flower  with  long  and  silky  lint  but  incapable  of  producing  a  good 
yield  or  sufticiently  robust ;  the  Broach  cotton  with  a  good 
staple  but  very  late  flowering,  and  the  Assam  cotton  whose  only 
good  character  is  the  size  of  boll  and  percentage  lint,  the  lint 
being,  however,  excessively  short. 

Before  considering  how  this  material  is  to  be  utilised  we 
must  examine  the  conditions  under  which  this  work  has  to  be 
carried  out.  Here  the  difliculties  are  considerable.  Thus  it 
has  been  found  impossible  to  use  the  Broach  cotton  as  a  parent, 
the  crosses  from  it  aj^pearing  almost  sterile.  Again,  cross-fer- 
tilization in  nature  has  been  found  to  occur  on  a  scale  which 
renders  it  imperative  to  use  only  the  seed  from  protected  flowers, 
and  the  labour  involved  in  such  protection  is  considerable. 
Again,  continued  self-fertilization,  such  as  occurs  with  protected 
flowers,  has  been  found  to  lead  to  a  considerable  degree  of 
sterility  so  that  the  breeder  has  to  beware  of  falling  into  either  the 
Scylla  of  mixed  off'spring  or  the  Charybdis  of  no  offspring  at 
all.  Lastly,  but  not  of  the  least  importance,  is  the  impossibility 
of  ascertaining,  except  in  a  very  limited  number  of  cases,  the 
quality  of  the  staple  until  it  is  too  late  in  the  season  to  procure 
seed  from  protected  flowers.  By  the  time  the  boll  ripens  and 
exposes  the  cotton  the  plant  has  practically  ceased  flowering 
and  it  is  impossible  to  obtain  self-fertilized  seed.  At  certain 
stages,  then,  it  becomes  a  matter  of  speculation  as  to  which 
plants  shall  be  taken,  for,  so  far,  no  correlation  has  been  found  by 
which  the  quality  of  staple  can  be  determined  before  it  can  be 
actually  handled.  When  it  is  noted  that,  to  take  one  case 
which  occurred  in  practice,  it  has  been  found  that  out  of  some 
400  plants  one  only  possessed  the  desired  combination  of 
characters,  the  speculative  nature  of  the  proceeding  and  the 
necessity  of  dealing  with  large  numbers  becomes  apparent. 
In  the  event  of  failure  to  self-fertilize  the  desired  plant  it  will 
be  necessary  to  rattoon  it  and  procure  seed  from  it  next  season, 
thus   losing   a   whole   year,    with   the    alternative  of  using  seed 
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wliich  may  or  may  not  be  pure.     Tliis  ditliculty    is    lai    tin.-   luu.-st 
important  that  has  t«>  be  faced  in  this  woik. 

Such  are  the  conditions  and  siK-h  thu  niatci'ials  with  whirli 
it  is  proposed  to  produce  tlie  types  of  [»hint  <'!"  wliiih  a  description 
has  been  given  above.  The  length  of  staple  occurs  in  the 
Broach,  Baui  and  Nurma  cottons,  but,  as  has  ah-eady  been  stated, 
Broacl\  has  been  found  unsuitable  owing  to  the  sterility  of  the 
crosses.  We  are  left  then  with  the  Bani  and  X"niia  cotton, 
the  fornier  of  these  being  altogether  too  weak  in  habit  and 
light  in  yield  to  form  a  field  crop  in  these  1^-ovinces,  wliile  the 
latter  flowers  too  late  to  give  any  yiehl  in  tin-  liist  year  and 
has  to  be  grown  as  a  perennial.  ^loreover  in  both  these  forms 
the  boll  is  small. 

Silkiness  is  characteristic  of  the  Bani  cott«»ii  and  is  confined 
practically  to  that  kind. 

Hardiness  and  yield  combined  with  a  high  lint  percentage 
are  essentially  the  characteristics  of  the  Dr.si  cottons  of  the 
Provinces  and  more  especially  ut  the  white  flowered  i'onus.  While 
for  size  of  boll  the  cotton  of  Assam  stands  before  all  others. 

The  Xiwma  alone  of  the  Provincial  cottons  possesses  the 
red  flower  wliich,  for  the  reasons  given  above,  is  a  desirable 
character  in  the  plant  we  have  outlined. 

In  the  earlier  experiments  two  crosses  have  been  relied 
on  for  practical  results.  These  are  a  cross  between  Xurnia 
and  the  short  stapled  but  silky  ioiiii  of  BtDii  found  in  the.se 
Provinces,  the  possibilities  of  which  cross  were  indicated  as  early 
as  1870  by  ]\Iajoi'  Trevor  Clarke,  ami  one  between  Xurmd  and 
white  flowered  Dcsi.  In  this  former  cross  we  rely  on  the  Xtn^ia 
to  obtain  leno^th  of  staple  and  the  red  flower,  wliilo  fi-om  tlic 
Bani  we  hope  to  derive  the  silkiness  (d"  fibif  anil  iht-  earl)-  habit. 
The  plant  is  likely  to  be  somewhat  deficient  in  size  of  boll,  and 
consequently  yield,  and  in  percentage  of  lint  since  neitlier  parent 
possesses  these  characters  to  any  marked  extent. 

In  the  latter  cross  length  of  staple  and  [)ercentage  of  lint 
may  both  be  expected,  condjined  with  the  retl  flower,  but  the 
silkiness  of  the  fibre  will  be  lacking. 
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These  two  crosses  have  been  actually  effected  and  pure  races 
isolated  of  which  we  give  below  a  report  by  Mr.  A.  F.  Horsman, 
on  small  samples  of  the  lint  from  each  ;  the  first  is  from  the 
former,  and  the  second  and  third  from  the  latter,  cross. 

"Sample  131.  Very  good  cotton,  will  spin  20's  to  30's 
warp,  even  staple  J"  to  J"  long  ;  silky  and  colour  good  and  would 

spin  3G's  weft. 

"  It  was  compared  with  some  fine  Cawnpore  machine  ginned 
cotton  (Gangapar)  which  was  fully  i"  to  ^^V'  shorter  in  staple 
and  will  spin  up  to  16's  only. 

*'  In  regard  to  prices,  I  should  value  it  at  Rs.  325  per  candy 
(784  lbs.)  as  against  Ks.  275  for  fine  Cawnpore  machine  ginned 
cottoa  and  I  consider  it  equal  to  fine  Broach. 

"  Sample  401.  This  is  better  than  ordinary  Desi  but  not  so 
good  as  No.  131.  The  staple  is  not  so  regular  nor  as  fine  but  is 
firm  and  of  fairly  strong  fibre  ;  would  spin  15's  to  20's. 

"Sample  651.  This  is  between  Nos.  131  and  40],  not  quite 
so  coarse  as  No.  401  but  very  good  for  Desi  cotton. 

"  Sample  too  small  to  form  a  definite  opinion." 

It  remains  only  to  add  that  this  report  is  given  on  samples 
which  were  taken  without  any  idea  of  having  them  valued. 
The  object  in  taking  them  was  to  obtain  as  much  seed  as  possible 
so  that  they  contained,  in  addition  to  the  lint  from  healthy  bolls 
also  that  from  badly  diseased  bolls.  During  the  season  1909 
the  boll  worm  was  exceptionally  prominent  and  the  percentage 
of  diseased  bolls  very  large.  These  reports,  therefore,  do  not,  in 
all  probability,  err  in  the  direction  of  over-estimating  the  value 
of  the  samples.  This  remark  applies  especiall}^  to  the  sample  401 
which,  w^e  believe,  to  be,  in  reality,  of  greater  value  than  the 
report  seems  to  indicate,  the  irregularity  especiall}'-  noted  being 
due  to  the  presence  of  a  high  proportion  of  lint  from  diseased  bolls. 

These  experiments  are  yet  in  their  infancy,  and  the  limits  of 
improvement  by  no  means  reached.  Numerous  other  crosses 
are  now  in  various  stages  of  cultivation  and  it  is  ho^^ed  that  these 
will  add  still  further  improvement.  It  is,  how^ever,  too  early  to 
refer  to  these  in  detail. 


PLATE  IV 
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Top  Uou.     l-.tt.  Nuimv  l'a'.„t.     Ki-ht,  IS-p  ■  ■' 
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Bottom  How.     -Jii.!  C.Miuration  of  (_  .•  — . 
Left,  Lonv:  Staple -Centre,  Mcliiim  Staple -Rigbt.  Short  Staple. 
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The  production  of  a  plant  with  characteristics  wliicli  render 
it  suitable  for  cultivation  in  these  Provinces,  and  which  at  the 
same  time  (^ives  a  produce  of  enhanced  connnercial  value  is  only 
one  part  of  the  problem  of  improvement.  There  remains  the  all- 
important  (juestion  of  the  means  by  which  such  a  plant  can  be 
introduced  into  general  cultivation.  Wo  are  here  faced  with  the 
conservatism  innate  to  all  agricultural  po[)ulations.  Tiie  initial 
stages  of  introduction  into  general  cultivation  of  any  new  plant 
are  always  a  matter  of  some  ditiiculty,  but  this  ditliculty  is  here 
enhanced  by  the  ease  with  which  cottons  cross-fertilize  an<l  the 
consequent  ditHcuIty  in  keeping  any  new  lace  pure  during  the 
first  few  years  of  its  introduction.  Tiiere  is  also  the  difficulty  of 
inducing  the  consumer  to  pay  the  full  value  for  an  article  which 
is  not  well  known  and  only  available  in  small  ([uantities  or,  it' he 
does  pay  the  full  price,  in  insuring  that  the  actual  cultivator 
reaps  the  benefit.  In  a  case  like  the  present,  where  deterioration 
may  so  readily  occur  as  the  result  of  cross-fertihzation,  it  seems 
essential  to  success  that  full  control  shall  be  kept  over  the  crop 
during  the  early  stages.  The  essential  features  of  any  scheme 
for  introduction  therefore  are  : — Firstly,  to  withhold  introduction 
of  the  produce  on  to  the  market  until  it  is  avaihiblc  in  sutiicient 
quantity  to  attract  purchasers  and  secondly,  to  retain  under 
direct  control  what  may  be  termed  a  centre  of  purity  for  the  crop, 
that  is,  a  central  area,  or  seed  fai-m,  in  wliidi  full  precautions  can 
be  taken  to  keep  the  crop  in  a  state  of  purity. 

The  controllino'  factor  is  the  minimum  amount  of  cotton 
which  will  attract  the  buyers,  and  the  area  of  this  seed  farm  will 
be  determined  by  the  area  it  will  be  necessary  lo  sow  to  provide 
this  minimum,  for  it  follows  from  the  first  condition  that  the  cul- 
tivation cannot  be  entrusted  to  the  cultivators  until  the  year  it  i.s 
proposed  to  place  the  produce  on  the  market.  Placing  this  mini- 
mum at  500  bales  (of  400  lbs.)  the  area  to  be  sown  must  be  some 
1,300  acres  in  the  first  year,  .seed  for  which  will  be  given  from  an 
area  of  about  90  acres.  This,  then,  is  the  area  which  must  be 
sown  in  one  season  and  over  which  direct  control  of  the 
crop  must    be    maintained   and  from  which  the  pure  seed  will   be 
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distributed    to    selected    cultivators    who   control  between   them 
about  1,300  acres  of  land. 

This  distribution  in  the  first  year  is  a  comparatively  simple 
matter,  but  the  problem  becomes  of  much  greater  complexity 
when  the  still  wider  distribution  of  subsequent  years  is  consider- 
ed. 

The   important   point    to    bear  in  mind  in  this  connection  is 
that   the    purity  of  seed  is  likely  to  be  inversely  proportional  to 
the  number  of  j^ears  the  crop  is  removed  from  the  time  when    it 
was   grown  on  the  seed  farm.     We  have  no  direct  information  as 
to. the  amount  of  impurity  introduced  in  a  single  year,  but  there 
can   be   little    doubt   that  it  will  be  appreciable.     The  conclusion 
which  may  be  drawn  from  this  is  that  on  no  account  should   seed 
of  a  given  purity  be   mixed    with  seed  of  a  lesser  purity  and  this 
point  must  be  clearly  kept  in  mind  in  any  scheme  of  introduction. 
In   practice   this   demands,    at  least  during  the  first  few  years  of 
introduction,  that  some  records  be  kept  of  the  area  in  which    the 
new    crop   is   grown.     This   record  will  show  the  particular  area 
under   any   degree  of  purity  and  the  kapas  of  each  area,  so  de- 
marcated, will  then  require  to  be  ginned  separately.     Interpreted 
into  figures  this  means  that  the  seed  from  the   farm  will  have  to 
be  distributed  to  selected  cultivators  controlling  some  1,300  acres 
actually  under  cotton  in  a  single   season.     These  cultivators    will 
each  year  receive  a  fresh  supply  of  seed  from   the  farm  and  will 
not  sow  seed  from   the  crop  grown    by   themselves.     This  latter 
crop  will  be  harvested  separately  and  separately  ginned,   and  the 
seed  distributed  to  a  second  series  of  cultivators  controlling-  some 
20,000  acres  of  land  under  cotton.     In  the  next  year    these    two 
areas  will  be  harvested  and  ginned  separately,   the  original    areas 
of  1,300  acres  being  again  supplied  with  seed  from  the   farm,  the 
20,000  acres  area  being  supplied  with  seed  from  the    crop   grown 
on  the  1,300  acres,  while  the  seed  from  the  20,000  acres  will   be 
available  for  still  wider  distribution.     In  this  manner  a  series   of, 
as   it   were,  waves  will  be   established,  emanating    from  the    seed 
farm,  which   should,  in  a  short  period,   establish    the  crop  on   a 
firm  basis. 
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Such,  in  outline,  is  the  scheme  for  introduction  of  improved 
types  of  cotton.  That  it  can  be  established  with  the  mathemat- 
ical precision  of  the  geometrical  progression  here  outlined  is 
hardly  to  be  expected,  but  there  is  every  hope  that  sufiicient 
approximation  can  be  obtained  to  attain  the  desired  result. 


PEACH  GROWING  AROUND  PESHAWAR. 

By  W.  ROBERTSON  BROWN, 
Snperintendmt  of  Farms,  North-West  Frontier  Province: 

SituatiGn  of  the  Orchards. — Within  a  radius  of  10  miles  from 
Peshawar  city,  there  are  probably  100  acres  of  peach  orchards. 
Peaches  are  also  interplanted  to  some  extent  in  the  pomegranate 
and  plum  gardens  which  lie  in  the  immediate  vicinity  of  the 
city.  The  villages  of  Bahadur  and  Landi  are  specially  renowned 
for  the  size  of  their  orchards  and  the  superior  quality  of  the 
peaches  they  produce.  The  orchards  are  contiguous  and  their 
varying  levels  show  that  they  ensure  efficient  drainage. 

Arerage  Extent  of  Orchards.— 'Peach,  growlers  are  rarely 
orchardists  pure  and  simple  :  they  are  zemindars,  and  the 
planting  of  an  orchard  forms  part  of  their  agricultural  rotation. 
The  orchards  range  in  extent  from  half  an  acre  to  occasionally 
two  acres. 

Quahtij  of  the  Soil—The  red  alluvial  loam  around  Bahadur 
and  Landi  is  remarkably  fertile.  Wherever  the  peach  orchards 
are  established,  the  soil  is  of  this  kind— red,  deep,  free  and  natural- 
ly well-drained. 

/rr/^a^iou.— Practically  every  orchard  is  sufficiently  irrigated 
either  by  the  rich  muddy  water  of  the  Bara,  or  from  the  Kabul 
River  canal.  The  orchards  treated  from  the  Bara  water  are 
markedly  superior  in  productiveness  and  quality  of  the  fruit  to 
those  irrigated  by  the  Kabul  River  canal.  A  few  orchards  are 
over-irrigated,  as  occasionally  water  is  given  when  the  crops  are 
ripening  so  that  the  fruits  lose  greatly  in  flavour.  In  the 
Punjab,    the   best   peaches   are   produced  in  orchards  which  are 
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irrigated  by  well  water.  Punjab  eaiial-irri^^ated  orclmrcis 
invariabl}'  do  not  thrive  and  are  unfruitful.  Peshawar  canal- 
irrigated  orchards,  on  the  other  hand,  are  naturally  drained  and 
therefore  suffer  less  from  stagnation.  Plate  V  .^^how.s  one 
of  many  hundreds  of  Punjab  peach  trees  which  were  killed 
in  1908  by  the  combined  ill  effects  of  excessive  canal  irrigation 
and  an  unusually  heavy  monsoon.  These  peaches  were  mostly 
planted  between  oranges.  It  will  be  seen  from  the  picture  that 
the  latter  were  not  injured  by  the  excess  of  water. 

Protection. — Peshawar  })lum,  pear  and  pomegranate  orcliards 
are  protected  by  unsightly  and  almost  formidable  mud  walls. 
The  soil  in  these  orchards  is  always  moist  and  the  atmosphere 
damp.  It  is  quite  the  contrary  with  the  peach  orchards  :  they 
are  entirely  in  the  open  and  unreservedl}'  expo.sed  to  wind,  sun 
and  storm. 

Treei<  2:)ropr.i gated  from  Seeds. — There  is  not  an  on-hard  of 
budded  or  grafted  peach  trees  in  Peshawar.  It  is  probable  that 
there  is  not  one  budded  peach  tree  producing  fruit.  The 
Peshawar  orchardists  propagate  from  seeds  oidy  :  they  are 
generally  of  opinion  that  peaches  cannot  be  budded.  Even  tho.se 
who  know  that  budding  can  be  done  and  who  can  actually  i)erform 
budding  work,  do  not  consider  that  budding  is  worth  the  trouble. 
There  is  not  a  nurserv-man  in  Peshawar  who  undertake^  to 
supply  budded  plants.  In  January  IDIO,  some  hundreds  of 
budded  peaches  were  introduced  into  Pe.shawar  by  the  Hou'ble 
the  Chief  Commissioner.  All  these  plants  were  given  fair 
treatment  and  have  grown  remarkably  well  :  they  are  now 
perfect  in  health  and  shape  and  on  the  average  are  one-half 
larger  in  size  than  seedling  peach  plants  which    were   set   out    at 

the  same  time. 

Three  Outstandiruj  Fro•^W<>.s^— Though  Peshawar  peaches 
vary  greatly  in  size,  shape  and  flavour,  the  fruit  growers  and 
fruit  dealers  roughly  class  them  chiefly  according  to  cdour 
into  three  kinds,  viz.,  Safed,  Lai  and  Pila.  It  is  said  that  these 
three  kinds  reproduce  themselves  fairly  true  to  colour  from 
seedling    plants    and    that   other    important   characters  are    not 
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constant.     Plates  VI  and  VII  represent  good  types  of  Safed,  Lai 
and  Pila.     Tlie  fruits  illustrated  are  described  below  : — 

grtfed.—ls  the  earliest  :  it  ripened  late  in  July.  Size  is 
large,  shape  almost  quite  round  ;  nose  very  slight ;  colour  even 
white ;  suture  scarcel}'  perceptible.  The  flesh  is  white  even 
around  the  stone  and  is  very  soft,  juicy  and  melting.  The  stone 
is  fairly  large  and  the  flavour  is  good.     Its  weight  is  16  tolas. 

Lai. — Is  the  second  early ;  it  ripened  on  3rd  or  4th  August ; 
size  large  ;  nose  decided  ;  colour  flushed  and  shaded  crimson  ; 
suture  slight.  The  flesh  which  is  veined  crimson  and  deeper 
around  the  stone  is  fairly  firm  and  moderately"  juicy.  The  stone 
is  medium  in  size.     The  flavour  is  good.     It  weighs  15^  tolas. 

Pila. — Is  the  latest ;  it  ripened  on  8th  August  (fruits  were 
picked  till  20th  August).  Size  medium;  nose  entirely  absent  5 
beautifully  round  in  shape,  suture  absent.  The  flesh  is  golden 
yellow  throughout ;  firm  and  juicy.  Flavour  sweet  and  delicious. 
It  weighed  14  tolas. 

There  are  good  intermediate  varieties  of  these  types. 
Lal-Pila  and  Lal-Safed  are  most  frequently  found.  In  all 
round  merit,  the  three  varieties  described  are  equal  to  high  class 
English  outdoor  wall  peaches. 

Setting  out. — Two  seedling  peaches,  IG  months  of  age,  are 
planted  together  in  blocks  or  beds  16'  x  16'  or  18'  x  18'  apart, 
and  the  pits  in  the  centre  of  these  blocks  in  which  the  trees  are 
planted  are  1  foot  in  diameter  and  1  foot  in  depth.  The  orchard- 
ists  plant  two  trees  in  each  block  in  the  hope  that  at  least  one 
of  the  plants  will  flourish.  But  he  never  removes  the  second 
plant  if  both  grow  awa3^  The  average  life  of  the  Peshawar 
peach  orchards  is  under  eight  years.  The  Lahore  peach  orchards 
are  profitable  up  to  their  twelfth  year. 

Seed  Solving. — A  few  careful  cultivators  take  seeds  from 
selected  fruits  only,  but  here  commonly  there  is  no  selection. 
In  October  a  seed  bed  is  prepared,  varying  in  size  according  to 
probable  requirements  and  the  seeds  are  sown  broadcast  and 
thickly  at  a  depth  of  about  three  times  the  size  of  the  seeds. 
The   young    seedlings    are   not   thinned.     When   planting   time 
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comes,  16  months  later,  the  seedlings  are  attenuated  i)lants  ijuite 
unfit  for  orchard  planting  and  can  be  purchased  at  Kc  1  per 
hundred. 

CatcJi  Cnqjs. — Maize  is  taken  from  the  young  peach  orchards 
as  a  kharifcro^  for  two  or  sometimes  three  years,  or  imvar  is 
sown  for  fodder.  Practically  any  catch  crop  desired  is  grown  for 
at  least  two  years.  Around  Lahore,  vegetables,  and  frequently 
oats,  are  taken  from  young  peach  orchards.  Plate  VTII  shows 
•J.V  years  old  orchard  with  an  inter-crop. 

Maminng  and  Cultivation. — For  maize  or  Jowar  a  dressing 
of  manure  is  given.  The  orchard  rows  are  kept  stirred  and  free 
of  ^rass  and  weeds  for  at  least  four  years.  Later,  in  many 
orchards,  cultivation  consists  in  an  annual  forking  over  of  the  soil 
directly  around  the  trees. 

Thinning  of  the  Fruits. — The  trees  are  severely  over- 
cropped. Thinning  of  the  fruits  is  never  carried  out.  When 
su^t^ested,  the  idea  is  scouted  as  ridiculous.  On  Knglish 
peach  walls,  one  fruit  per  square  foot  of  covered  wall  is  the 
maximum  crop  permitted  if  good  fruits  are  desired. 

Ripemng.—Safed,  Lai  awA  Pila  o^ -aW   shapes    and  sizes  are 
planted    promiscuously    throughout    the    orchard,    but     ripening 
takes  place  in  the  order  named.      If  budded  plants  of  these  three 
types  were  planted  in  separate  rows  or  blocks,  economy  would  Ije 
trained  and  one  watchman  could  do  the  work  where  three  or  four 
are    now    employed  :  picking   would   also   be  made   easier.     The 
Pe.shawar    fruit    agents     would     give    greatly     enhanced    prices 
for  blocks  of  single  type.s.     Irrigation    should  be  sparingly  given. 
Picking.— n\G    bulk   of  the  peach   crop    is    picked   without 
climbing  the  trees,    for  step   ladders   are   unknown    in    Peshawar 
orchards  and  the  Hexible  branches  of  the  trees  are  gently  pulled 
down  towards  the  pickers.     For  fruits  which   cannot  be   reached 
from  the  ground,  they  nimbly  climb  the  trees  and  as  this  operation 
is  done   barefoot,   little  harm  results.     Nevertheless  step  ladders 
would  be  useful.     The    fruits  are  picked  when  they  show  colour, 
but   are  very    far  from  being  ripe.     It  is  chiefly  on   this  account 
that  good   conditioned   peaches   are  never  seen   in  the  markets. 
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M'lrkftin,,.  Th-  p.  a.-h  ci-i.ps  are  sold  in  one  of  four  way? 
nz.,  (I)  ir  tlie  own.r  of  an  orchard  is  poor  and  he  urgently 
requires  money,  lie  sells  the  estimated  crop  in  January  or  Febru- 
ary to  a  fruit  a^eiit.  The  price  received  is  in  this  case  very 
poor:  fre-puMitly  not  better  than  Rs.  100  to  Rs.  120  per  acre: 
(ii)  tlie  crop  is  sold  when  the  fruits  are  approaching  the  period 
of  ripeness.  \U.  200  to  Rs.  300  per  acre  is  the  average  price 
received  at  this  time  ;  (iii)  fruit  agents  purchase  special  varieties 
from  s-l-"^"d  trf-es  for  despatch  to  distant  stations.  Rs.  3  to 
f{s.  :)  jM  ,  iiinund  are  received  by  the  growers  for  the  selected 
fruits  :  (iv)  tlu'  fruit  <^n-owers  pick  and  market  their  own  fruits 
Pr-ihawar.  <  )nt'  maund  of  peaches  per  tree  is  considered  a 
ery ''ood  crop.  About  13,500  ten-seer  baskets  of  peaches  are 
lespatched  from  Peshawar  from  15th  July  to  15th  September. 
( )rdinary  fruits  are  sent  to  Peshawar  for  disposal  in  large  open 
tlat  baskets  similar  to  those  shown  in  Plate  IX.  Fruits  to 
be  sent  to  distant  stations  l)y  rail  are  packed  in  small  baskets 
which  carrv  10  seers  and  cost  from  annas  three  to  annas  four. 
The  l»askets  are  conveyed  to  the  city  and  to  the  railway  station 
on  a  f-art  drawn  by  two  labourers. 

J*arkiii(f.  f  I  lading  is  practised  in  a  loose  fashion.  The  best 
peaches  are  reserved  for  the  10-seer  baskets;  the  seconds  for 
toj)j)ing  the  big  flat  baskets  and  the  "  chipped"  fruits  are  heaped 
in  separate  baskets  or  sold  on  the  spot  to  villagers,  or  to  the 
hawkers  who  have  stances  during  the  fruit  season  at  almost  everj^ 
lialf  mill!  within  ten  miles  of  Peshawar.  The  chipped  fruits  are 
very  inferior. 

The  foliage  of  the  orchard  trees  is  slipped  from  the  young 
shoots  of  the  current  season  for  packing.  Each  picker,  as  he 
requires  packing,  runs  his  hands  smartly  down  the  shoots  and 
leaves  quite  80  per  cent,  of  these  as  bare.  The  array  of  spindly 
leafless  shoots  presented  in  August  gives  the  impression  that  the 
peach  orchards  have  suffered  heavily  from  a  plague  of  voracious 
defoliating  caterpillars.  Peach  foliage  is  undoubtedly  suitable  for 
local  packing,  but  it  is  short-sighted  policy  to  maim  the  fruiting 
trees.     The  lives  of  orchards  are  shortened  by  one-third  by  this 
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YofNo  Peacu  affectkd  by  "Gummosis." 
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[)ractico  ;  iliseases  are  prevalriit  in  ooiis('(|U(-iicc  and  llic  wtakoncd 
.shoots  oannnt  uplmM  tlicii-  fruits.  Imciv  ordiardist  coidd  easily 
yrow  ,-1  scdii  l)ed  of  peaelies  fur  the  su[»|)ly  of  fdhaL^c. 

Fni.if  Ai/i'nts. — Tile  men  known  a.s  •■  Fiuit  Agents"  are 
Peshawar  fruit  sellers.  They  have  l)usine.ss  connections  with 
fruit  dealers  in  Calcutta,  Boinhav,  Lahore,  IVlhi  an<l  other  larjife 
cities  and  towns.  They  send  skilled  men  to  pick  iIh-  fruits  and 
see  the  haskets  on  rail.  1  Jills  arr  suhndtteil  for  all  charLfes 
iucludinii'  the  accent's  eoniinissiou  ehaii-e  for  0-4-0  ijer  luisket 
de.spatched.  Prepayment  is  insisted  on  from  unknown  purchasers. 
Occasionally  when  peaches  are  plentiful  and  cheap,  the  Peshawar 
agents  purchase  and  forward  fruits  to  their  distant  agent  friends 
to  be  sold  on  commission.  The  money  realised,  less  the  usual 
commission  charge  of  annas  four  per  basket,  is  remitted  to  the 
Peshawar  agents.  There  appears  to  be  the  most  perfect  good 
faith  amongst  the  fruit  agents  throughout  India  in  their  busine.ss 
transactions. 

Railivajj  Troubles. — The  fruit  agents  complain  bitterly  of  the 
time  they  are  forced  to  lose  at  the  railway  station  when  booking 
and  forwarding.  They  and  their  clients  frequently  suffer  loss 
and  disappointment  by  theft  of  the  fruits  in  railway  transit. 

Diseasef!  and  Insect  Fests.—I*ei\ch  insect  pests  and  diseases 
have  not  vet  been  studied  in  the  Xorth-West  Frontier  Province. 
"  Gummosis  ■  is  the  mo.st  common  disease.  (Plate  X.)  The  in- 
jury done  in  strii)ping  leaves  for  packing  is  undoubtedly  the  chief 
cause  of  the  unfortunate  prevalence  of  this  di.sease.  The  severe 
annual  attacks  of  green  tiy  are  also  due  to  the  .same  deplorable 
practice.  The  weak  defoliated  shoots  fall  easy  prey  to  sucking 
insects.  Peshawar  peach  orchards  would  be  remarkably  free  from 
disease  and  insect  pests  if  they  were  properly  treated. 


THE  BAMBOO  WATTLE  SILO. 

(An  Attempt  to  Construct  a  Cheap  Indigenous  Silo.) 

By  BERNARD  COVENTRY, 
Offg.  Inspector-General  oj   Agriculture  in  India, 

History  of  Siloing. — The  practice  of  preserving  cattle  food 
ill  a  f-reen  and  succulent  condition  is  of  some  antiquity,  but  it  is 
only  within  the  past  25  years  that  siloing,  as  now  commonly 
known,  has  been  in  vogue.  The  earlier  silos  used  by  people  in 
Europe  were  simply  pits  or  trenches  dug  in  the  ground.  Later, 
these  were  made  of  stone,  brick,  or  concrete,  and  filled  with  green 
material,  cut  or  uncut,  to  w^hich  pressure  was  applied,  often  not 
less  than  100  lbs.  to  the  square  foot.  Siloing  in  stacks  was  also 
practised  for  a  time.  The  material,  which  in  this  case  was  uncut, 
would  be  gathered  together  in  the  shape  of  a  stack  :  ropes  or 
chains  would  be  thrown  over  it  to  which  heavy  weights  were 
attached  and  the  necessary  compaction  thus  secured.  Both  these 
methods  of  pit  and  stack  siloing  were  found  to  a  great  extent  un- 
.satLsfactory  in  that  either  the  cost  of  construction  w^as  too  heavy, 
or  the  loss  by  decomposition  was  too  great,  or  from  both  these 
causes  :  the  quality  of  the  silage,  too,  was  not  all  that  could  be 
desired.  It  was  not  until  1876  and  follow'ing  years  when  dairy- 
iu<y  became  common  in  America  and  orreen  food  a  necessity  all 
the  year  round,  that  the  attention  of  the  more  intelligent  farmers 
was  applied  to  the  production  of  a  more  suitable  method  of  silo- 
ing. The  great  extent  to  which  Indian-corn  or  maize  is  grown 
in  that  country  undoubtedly  favoured  the  experiments,  for  it  is 
now  generally  conceded  that  maize  is  the  best  silo  plant  in  exist- 
ence, though  as  I  shall  show  later,  sorghum  runs  it  very  close 
and,  in  my  belief,  in  point  of  yield  per  acre  entirely  beats  it. 
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The  Modern  Silo. — The  chief  features  of  the  modern  silo  are 
that    it    is  narrow  and  deep  instead  of  broad  and  shallow,  so  that 
pressure  is  secured  from  the  material  itself   instead   of  weisrhtin*'- 
with  stones  and  other  heavy  material.      It  is  partiallv  or  entirelv 
(mostly  the  latter)  above  ground.     It  is   generally    round    rather 
than    rectangular    because  in  that  shape  it  has  relatively  greater 
capacit}^  can  usually  be  built  more  cheaply,  and  its  form   greatly 
facilitates    the    even    settlinof  of  the  silage.     It  is  morcovor  con- 
structed  in  such  a  wa}-  as  to  prevent  the  ingress  of  air  and    mois- 
ture at  the  sides  and  bottom.     The  principle  on  which  it  acts  is  as 
follows.     As  soon  as  it  is  filled  with  green  material  cut  or   uncut 
(preferably    the  former  as  it  will  settle  more  quickly  and  evenly), 
fermentation  sets  in  and  gases  (chietiy  carbonic  acid)    are    formed 
which    drive    out    the  air  until  a  point  is  reached  when  fermenta- 
tion   or   combustion  ceases  for  want  of  air.     The  great  depth  of 
the  silo  is  instrumental  in  bringing  about  this  point  of  equilibrium, 
for  the  pressure  of  the  material  causes  such  compaction  that  the 
air  is  unable  to  penetrate.     The  sides  of  the   silo  .should    likewise 
be   so   constructed   that  air  is  unable  to  enter.      If  either  of  these 
features  are  defective  and  ingress   of  air   is  allowed,    the    equih- 
brium    will    be    destroyed    and   combustion   will  again  set  in.      It 
will  thus  be  seen  that  good  compaction  and   exclusion   of  aii'   are 
essential  conditions  in  the  successful  making  of  silage.     Tempera- 
ture, too,  has  a  considerable  bearing  on  the  quality,  for  the  higher 
and  quicker  the  temperature  rises  after  the  filling   of  the  silo  the 
sooner    will    the    action  of  the   fermenting  organisms  be  arrested 
and  the  sweeter  will  be  the  silage.     An  excess  of  moisture  on  the 
other  hand  in  the  plant  will  often  keep    the   temperature    low    or 
will    rise    but    slowly,    in  which  case  the  fermentation  will  not  be 
checked  soon  enough  and  sour  silage  will  result.     The    deeper   a 
silo    the    better    will  be  the  quality  of  the  silage,  and  it  has  been 
found  in  America  that  a  dei)th  of  40  feet   has    usually    produced 
the    best    results.     Such  a  height,  however,    adds  greatly  to  cost 
of    construction  and  of   filling.     The    quality  obtained  at   much 
lower  depths,    such  as  '25  and  30  feet,  has  been  found  satisfactory 
and    it    is    not    necessary    to    go   beyond   these  limits  in  order  to 
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obtain     -ood     results,      but    anything    below     20    feet    is     not 

recoiiiiijeiided. 

KrjjL-riment.s  in  ludia.— The  success  which  has  attended  the 
use  of  the  round  silo  in  America  led  the  writer  of  this  article  to 
exijeriinent  with  them  in  India.  In  TJUO,  one  was  constructed 
of  brick  ai  Dalsing  Serai,  Tirhoot,  measuring  20  feet  in  height 
and  1«;  feet  in  diameter.  Owmg  to  its  success  and  the  great 
economy  with  which  green  fodder  could  be  preserved,  another  of 
the  same  dimensions  was  erected  by  Mi'.  Hay-Webb  at  the 
Mooktapur  Indigo  Concern  in  Behar  with  the  same  satisfactory 
results.  When  the  Pusa  Farm  was  built,  silos  were,  in  conse- 
«juence  of  the  success  of  those  at  Daising  Serai  and  Mooktapur. 
also  ])Ut  u[)  at  Pusa,  but  owing  to  defects  due  to  faulty  construc- 
tion tlie  Pusa  silos  have  not  made  the  best   quality  silage. 

77/f'  WatiU'  SUo.—Xh  the  demand  for  silage  was  increasing 
with  the  growth  of  the  Pusa  milch  herd,  it  occurred  to  the 
writei'  to  construct  a  silo  ha\'ing  the  i)roper  shape  and  dimen- 
sions but  constructed  of  such  materials  that  its  cost  could  easily 
come  within  the  means  of  zemindars  and  the  more  wealthy 
cultivat(;rs,  but  which  might  also  be  a  cheaper  means  of  storing 
fodder  against  years  of  scarcity  for  the  Agricultural  and  MiHtaiy 
Departments.  The  material  selected  was,  therefoie,  of  the 
cheapest  It  consisted  of  bamboo  wattle  covered  over  with  a 
plastering  of  mud  an<l  a  light  loof  of  thatch.  The  size  is  24  feet 
higli  liy  lb  feet  diumctci-.  \t  intervals  of  G  feet,  windows 
'■'>'  X  2'  arp  lot  into  the  wattir,  tlie  top  window  being  cut  into  the 
root  and  pro\id<(i  witii  a  wc^athei'  ro<»f.  (Plate  XI.)  The  con- 
structi<)n  was  ••\tremely  simple.  Pandjoos  were  planted  in  the 
ground  :',  ni  t  feet  apart  in  a  circle  9  feet  diameter,  and  split 
l)and.»oos  were  wattled  between  these  Ijamboos.  (Plate  XII.) 
\\  hen  the  desired  height  was  reached  (in  this  case  24  feet),  4 
posts  made  by  splittin--  two  palniNia  jialm  trees  each  into  half. 
were  plantfij  ('•  feet  in  the  ground  and  lasliod  with  i-ope  oi-  wiio 
again>l  lb<'  wattling  at  efjual  distances  apart  This  stitieiied  the 
whole  structuie  and  ijrevented  buliiini--  or  fallino-  over.  The 
windows  were  next  [»ut  in.      This  is     not     an    ea.sy    niatter     when 
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dealing  with  wattle.  Before  the  space  for  the  window  was  cut, 
two  frames  of  the  size  of  each  window,  of  :>"  x  l"  board  were 
first  made  ready.  One  ol'  these  frames  was  placed  inside  the 
silo,  the  other  outside  in  such  a  way  that  they  exactly  coincided 
with  each  other.  When  in  this  position,  they  weie  tirndy  bolted 
together  with  4  or  G  screw  bolts,  the  wattle  being  between  the 
two  frames.  The  next  operation  was  simple  ;  with  a  hand  saw 
the  bamboo  wattle  that  came  within  the  frames  was  cut  awav 
and  a  firm  well  set  window  was  the  result.  (Plate  XIII.)  In 
this  way,  the  bottom  and  middle  windows  were  iiLserted  6  feet 
apart.  This  distance,  being  about  equal  to  the  height  of  a  man, 
is  suitable  when  unloading  the  silo.  In  order  to  close  the 
window  a  flap  made  of  one  inch  board  is  provided.  This  fits 
into  a  groove  made  in  the  inner  frame  of  the  window,  and  is 
kept  in  position  by  a  bamboo  outside  tied  to  an  iron  staple  in  tlie 
centre  of  the  Hap  and  twisted  till  it  catches  tirndy  against  the 
window  frame.  (Plate  XIV.)  When  the  silo  is  filled,  the  Hap  will 
keep  its  place  from  the  pressure  inside.  In  order  to  prevent  aii- 
getting  in  at  the  sides  of  the  flap,  the  groove  should  l)e  wrll 
}juttied  before  the  flap  is  put  in.  The  top  opening  is  mude  by 
cuttincr  into  the  roof  and  fixing-  a  weather-roof  ovor  it.  It  is 
necessary  to  have  an  opening  above  the  height  ol'  the  silo  in 
order  that  it  may  become  filled  to  the  biim  and  that  the  full 
capacity  of  the  silo  may  be  utilised.  The  roof  itself  is  of  the 
simplest  kind  and  is  made  with  a  light  thatch.  The  structure 
having  been  completed,  the  whole  is  plastered  with  mud  both 
inside  atid  out  and  left  to  dry  for  a  few  days,  aftti-  which  it  may 
be  filled. 

Cost  of  Construction. — The  cost  of  construction  is  small,  but 
will  vary  with  circumstances.  Thus  a  zemindar  or  cultivator  to 
whom  the  materials  are  available  for  next  to  nothing  could  put  up 
a  silo  such  as  I  have  described  for  from  Rs.  50  to  Ks.  100.  For 
others,  such  as  farms  belonging  to  the  Agricultural  or  Military 
Departments,  it  might  co.st  from  H.s.  lOO  to  K.s.  I'OO,  according 
to  the  cost  of  labour  and  materials.  The  silo  depicted  in  thi.s 
article  cost  at  Pu.-a  Ps.   106,  of  which  exactly  lialf  was  the  cost  of 
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material  aiul  the  other  half  of  the  labour.  The  fact  that  it  was 
being  constructed  experimental!}'  and  the  labour  paid  for  by  the 
day,  permits  of  the  belief  that  with  the  knowledge  of  the  details 
of  construction  acquired,  it  would  cost  very  much  less  if  given 
out  on  contract. 

FiUinfi  the  Silo.—T\\Q  filling  of  the  silo  may  be  done  in  two 
ways.  The  material  may  be  chaffed  and  lifted  with  baskets  by 
coolies  as  depicted  in  Plate  XV,  beginning  with  the  lower  window, 
or  an  elevator  may  be  attached  to  the  chaff-cutter  and  the  material 
raised  automatically  into  the  silo  as  depicted  in  Plate  XVI. 
It  should,  however,  be  observed  that  the  elevator  should  be 
longer  than  that  in  the  picture  and  be  able  to  reach  the  top  of 
the  silo.  As  the  chaff  is  delivered  into  the  silo  either  by  the 
elevator  or  the  baskets,  men  should  be  inside  in  order  to  spread 
the  chaff  and  enable  it  to  settle  evenly.  The  more  uniform  the 
j)acking  throughout,  the  better  will  be  the  preservation  of  the 
silatre.  The  material  should  fill  the  silo  above  the  brim.  In  a 
few  days  it  will  sink  some  four  or  perhaps  five  feet,  when  it  should 
be  filled  up  again  and  the  operation  repeated  until  sinking  has 
cea.sed.  Rapidity  of  filling  does  not,  on  the  whole,  appear  to  be 
important,  but  it  is  desirable  that  the  material  should  be  fresh. 
To  cut  maize  or  sorghum  one  day  and  place  it  into  the  silo  the 
next  is  not  to  be  recommended.  It  should  be  placed  in  the  silo 
the  .same  day  it  is  cut. 

Crops  for  Siloiiu/.— In  the  opinion  of  the  writer,  the  best 
crops  for  siloing  aie  either  maize  or  sorghum.  Other  crops,  such 
as  millets,  lucerne,  grasses,  etc.,  will  make  good  silage,  but  the 
outturn  obtained  from  these  per  acre  is  so  small  that  they  could  not 
be  considered  the  most  economical.  On  the  other  hand..  200  to  300 
maunds  of  maize  and  400  to  600  maunds  of  sorghum  can,  without 
difficulty,  be  obtained  [)er  acre.  In  the  case  of  well-manured 
fields,  such  as  municipal  lands,  I  have  known  very  much  higher 
yields  being  obtained.  These  heavy  returns  are  not  so  easily 
obtainable  with  maize  as  with  sorghum  as  it  is  a  crop  which  has 
to  be  spaced  in  order  to  grow  well  ;  no  spacing,  however,  is 
necessary  for  sorghum.     An    advantao^e    which    maize    has    over 
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soro^hum  is  that  it  is  more  nutritious  if  the  cobs  are  allowed  to  tret 
to  the  milk  or  dough  stage,  but  it  is  doubtful  whether  this  extra 
gain  from  its  nutritiousness  can  compensate  for  the  large  yield 
per  acre  which  can  be  had  with  sorghum. 

Silo's  Capacity. — The  capacity  of  the  silo  described  in  this 
article  is  6,096  cubic  feet,  but  inasmuch  as  the  contents  will  sink, 
the  actual  net  capacity  is  considerably  less.  If,  however,  the  silo 
is  refilled  after  sinkino-  as  recommended  in  this  article,  6,00() 
cubic  feet  may  be  taken  as  its  greatest  capacity.  The  weight  of 
a  cubic  foot  of  settled  silage  varies  with  the  depth  of  the  silo 
and  the  part  from  which  it  is  taken,  but  it  may  be  taken  as  from 
30  to  50  pounds,  or  say  an  average  of  40lbs.  per  cubic  foot.  The 
contents  of  the  silo  would,  therefore,  be  240,000lbs.  or  :^,00() 
maunds  if  filled  to  its  greatest  capacity.  From  these  figures,  it 
should  be  easy  to  calculate  the  time  such  a  silo  would  feed  a 
given  herd  of  Indian  cattle  for  a  given  time.  Let  us  suppose 
the  daily  allowance  per  head  to  be  30lbs.  of  silage,  it  would  be 
possible  to  feed  with  it  8,000  head  of  cattle  for  one  day  oi- 
44  head  for  six  months.  This  calculation  is  made  for  full-grown 
animals.  In  a  mixed  herd  of  big  and  small,  it  may  be  taken  as 
beinof  able  to  feed  twice  that  number. 

Advantages  of  Silos. — The  benefits  from  the  siloing  of  green 
crops  are  many,  but  the  following  may  be  especially  mentioned  : 
(I)  Crops  may  be  cut  in  any  weather,  unlike  the  making  of  hay 
or  harvesting  of  corn  which  requires  fine  weather.  (2)  Crops 
can  be  stored  and  preserved  in  a  green  and  succulent  condition 
throughout  the  year  and  even  longer.  (.J)  Siloing  is  economical  as 
it  enables  one  to  cut  during  the  monsoon  crops  yielding  very 
heavy  returns  per  acre,  such  as  sorghum  and  maize,  and  thus 
avoid  the  expensive  practice  of  having  to  feed  light  winter  crops 
such  as  lucerne,  green  oat<,  etc.,  giving  but  a  .^njall  ittum 
per  acre.  (4)  The  bamboo  silo  described  in  this  article  is 
cheap  considering  its  capacity  and  could  well  Ik-  made  an 
easy  means  of  storing  fodder  for  times  of  scarcity,  the  cost 
of  construction  being  only  one-half  anna  per  cubic  foot  of 
capacity. 
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/i/ijjiuct'mcHts. — It   may   be   necessary   to    warn  readers  that 
the  silo  depicted  in  this  article  is  not  expected  to  last  like  a  brick 
of  wooden  silo.      What  the  life  of  the  bamboo  silo  is,  is  a   matter 
for   experiment.     The   simplest  form   has,    in    the   first  instance, 
been  constructed  in  order  to    ascertain    the    weak   points.     These 
will   be  snre   to  show   themselves   in  the   course  of  a  year,  when 
suitable    remedies     may    be    applied.      It     must,     however,     be 
lemembered  that   where   improvements   have   to   be   met   out   of 
current  outlay,   it   is   not  always  the  most  lasting  thing  which  is 
the  most  desirable,  although  in  the  long  run  it  may  be  the  cheap- 
est.    The  writer  has  known  of  cases  where  the   more   permanent 
structure   was  a  distinct   loss.     Thus   with   the    interest    of  the 
iiioiifv    whieh    was   required   for   erecting   a  corrugated  iron  roof, 
it  wiis   found    [)o.ssib]e   to   put   up  a   new    tiled   roof  every   three 
years,    though  this  was  not  actually  necessary,  for  the  latter  with 
a  slight  ex[)eMditure   in   yearly   repairs   could   be    kept   going   for 
many   years.      And   so    it   may   be    with  silos.      In  a  country  like 
India  where   the  agriculturist   has   no   capital   and   a   destroyino- 
climate,  cheapness  in  construction  is  essential.      The   writer,  how- 
ever, anticipates  that  it  will    probably    be    necessary    to    oive    the 
\)fiu\h()()  silo   a   brick    foundation   so   as  to  prevent  rotting  at  the 
base.      This  aiid  other  matters  will  be  taken  up  in  a  future  article 
afU'r  experieiK.'c  has  been  gainctl. 
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THE  "PAIRI  "  MAXGO. 

15y  WILLIAM    BURNS,   u.sc.  (Eins.), 
Economic  Botanist,  Hombay. 

In  the  Bombay  markets  the  mango  most  in  demantl  is  tlie 
Alphonse.  This  is  a  fairly  well-known  variety  and  has  been 
distributed  to  most  quarters  ot"  India,  to  the  West  Indies.  t<» 
America  and  to  Australia.  Next  to  this  famous  vai-iety,  a  mucli 
less  known  variety  called  the  Pain,  has  a  large  produetit^n  and 
sale.  Fig.  I  shows  the  typical  x-Vlphonse  fruit,  the  left  shouldei- 
is  hio"h,  the  rioht  low.  and  the  beak  is  almost  absent.  In  con- 
trast  to  this  Fig.  2  shows  a  typical  Pairi  fruit.  Both  siiouldei's 
fall  about  equally,  and  the  beak  is  very  marked.  The  shapes  of 
both  varieties  are  fairly  constant  and  it  is  impossible  to  confound 
the  two,  once  one  has  seen  them  side  by  side.  The  Pair!  fruit 
when  fully  ripe  has  an  external  colour,  varying  fiom  red  on  the 
shoulder  to  yellow  at  the  l)eHk.  The  tle.sh  of  thi.s  mango  is  of  a 
l^-owuish  oranoe  coloin-  with  very  little  fibre.  The  stone  occu- 
pies  perhaps  (jne-third  of  the  volume  of  the  fruit.  The  taste  is 
delicious,  and  slightly  more  pieplant  than   tliat    of  th<-    Alj)honse. 

Some  judge  the  taste  inferior  to  that  of  AI[)honse,  but  per- 
.sonally  I  prefer  the  slightly  acid  Pxiri  to  the  heavier  and  more 
luscious  Alphonse.  Woodrow  gives  the  following  weight  and 
size  of  a  typical  fruit  — weight  8  ozs.,  size  4x3x3  inches. 
One  which  1  measured  and  weighed  myself  was  as  follows  : 
weio'ht  860  "ramnies.  size  lO.")  x  S-.")  x  7  centimeters.  It  is  there- 
fore  a  inoderate  size<l  mango.  i'here  aie  several  varieties 
with  bii'"er  and  maiiv  witli  smallei-  fruits.  The  Pairi  manofn 
has  one  defect.  h  <I<ms  not  keep  well.  Whei'eas  Alphonse 
may    be     kept    up     t<»    two    months    even,     if   properly    stored  ; 
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Pairi,  with  the  utmost  precautions,  will  hardly  last  8  days. 
Tliis  character  and  its  different  flavour  make  it  a  cheaper  mango 
than  the  Alphonse.  In  the  Crawford  Market,  Bombay,  when 
Alphonse  mangoes  are  fetching  retail  round  about  Rs.  2  a  dozen, 
Pairi  mangoes  usually  fetch  only  Re.  1-8  a  dozen  at  the  outside. 
Their  wholesale  prices  are  similarly  graded.  I  have  been  informed 
that  in  the  season  Alphonse  will  sell  wholesale  for  Rs.  10  to  Rs.  15 
per  100,  while  Pairi  will  fetch  only  Rs.  8  to  Rs.  10  per  100. 
The  leaf  of  the  Pairi  mango  is  very  typical  of  the  variety.  It 
is  long,  tapering,  pale  green,  with  a  strongly  marked  white 
midrib.  Such  a  leaf  is  shown  in  Fig.  5.  (The  scale  in  the  figure 
is  divided  into  centimeters.)  The  Pairi  mango  tree  has  a  most 
vigorous  spreading  habit  of  growth  and  this  is  well  shown  in 
Fio-.  4  where  a  tree  of  about  twenty  years  of  age  is  shown.  This 
character  of  the  Pairi  makes  it  an  excellent  trunk  piece  for  a 
composite   grafted    mango,    giving    a  vigorous  stem. 

One  or  two  sub-varieties  of  the  Pairi  mango  are  known, 
ejf.,  Moti  Pairi  (Fig.  3),  which  is  a  larger  kind,  one  specimen  of 
the  fruit  which  I  examined  weighed  527  grammes  and  measured 
I -J  X  95x8  centimeters.  Another  sub-variety  is  the  Kagdi 
Pain  (Kagdi-papery)  so  called  on  account  of  its  thin  and 
shinin*'-  .skin.  The  fruit  is  said  to  have  firmer  flesh  and  to  be 
superioi-  in  flavour  to  the  ordinary  Pairi. 

As  regards  the  source  and  history  of  the  Pain  mango  little 
is  known,  but  it  is  clear  that  it  is  of  Bombay  origin  and  has  been 
little  cultivated  in  other  parts  of  India.  Maries,  in  Watt's 
Dirfionari/  <>/  Economic  Products,  Vol.  V,  pp.  146-157,  has  one 
doubtful  reference  to  Pairi  which  is  worded  as  follows  : — "  I 
siiould  advise  planting  seedling  mangoes  where  grafts  are  diffi- 
cult to  ol)tain  taking  for  the  seed  only  such  sorts  as  Afooz 
Pnarij,  Kishenbogh,  Uurbhangah,  Bombay,  Fuzlee  and  good 
tbrms."  In  the  portfolio  of  paintings  of  mangoes  in  the  her- 
barium of  the  Calcutta  Botanic  Gardens  I  found  no  painting 
labelled  Pairi.  Firminger  in  the  year  1874  or  the  more  recent 
edition  of  his  Manual  of  Gardening  for  Bengal  and  Upper 
India  does  not  mention  the   Pairi.     Two   old    Indian    gardening 
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Fig,  4.— Typical  Habit  of  Pairi  Mango  Tkee. 
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Fig.  5.— Leaf  of  Pairi  Mango. 
Negatives  by  Dr.  Mann,  Agricultural  College,  Poona. 
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books,  Speede's  The  Indian  Ilandbook  of  Gardenim/  (CalcuttH. 
1842),  and  Pogson's  Indian  Gardenim/  in  Jiengal,  Upper 
Provinces,  and  the  Hill  Stations  of  India  (Calcutta,  1875), 
make  no  mention  of  Pairi.  These  A\ct«  would  seem  to  sliow 
it  was  for  long  unknown  in  Upper  India. 

On  the  other  hand  in  a  Resolution  of  the  BoniI)ay  Govciii 
ment.  Revenue  Department,  made  in  1885,  the  followintr  entrv 
is  made  aorainst  Thana,  "  Afus  and  Pyre  inanofoes  are  lari^elv 
grown  in  this  District  especially  in  Salsett^\''  Cooke,  in  his  Flora 
of  the  Bombay  Presidency,  1903,  Vol.  I.  p.  lil  \,  has  a  long  note 
on  the  Pairi  manojo,  mentioning-  its  botanical  and  comtnereial 
characters.  Gupte  and  Raje,  in  their  Marathi  itook,  h'rishi 
Karma,  1901,  p.  680,  mention  the  Pairi  mango  and  state  that  its 
name  is  a  corruption  of  the  Portuguese  name  Pereira.  This  is  not 
impossible  seeing  that  the  Portuguese  Alphonse  has  become 
corrupted  into  Apoos,  Afoos,  and  Hapoos.  In  Wuodrow's 
Gardening  in  India,  1894,  pp.  253 — 2(;0,  Pairi  is  mentioned  as 
one  of  the  celebrated  mango  trees  occurring  in  the  following 
districts  :  — Poona,  Kolaba  and  Surat. 

All  this  would  seem  to  show  that  it  is  a  mango  evolved 
probably  by  some  Goanese  horticulturist,  but  that  it  has  .somehow 
not  spread  over  India  or  come  to  the  knowledge  of  gardeners  out- 
side the  Bombay  Presidency  to  the  extent  that  Alphonse  has. 


W  liKX   SHOULD  MANURE  BE  APPJJED  IN  INDIA? 

i;v  J,    WALTER    LKATHKH,   I'h.n.,   f.i.c, 
ImperinI  Ayricidlural   C/iemist. 

Two  j)riiic!ples  are  acted  on  in  tlie  applicatio]i  of  manure  : 
tlie  one  being  the  most  advantageous  season  to  put  it  on  the 
land,  tlie  other  tlie  most  suitable  crop  to  give  it  to.  It  is  in 
relation  to  the  former  that  the  following  suggestions  apply. 

Fertilisers,  whether  soluble  in  water  before  being  put  into 
the  soil  Of  not.  must  all  become  soluble  before  the}^  are  of  service 
to  the  plant.  Some,  such  as  the  "  bulky  "  manures,  farmyard 
manure,  compost,  refuse,  indigo-seeth,  and  such  like  are  in  part 
soluble  at  first,  and  become  more  so  as  decomposition  sets  in  : 
oil-cakes  are  similarly  placed.  Others,  such  as  Indian  saltpetre, 
chili  nitre,  or  sulphate  of  ammonia  are  entirely  soluble  in  water. 
Superphosphate  of  lime  is  soluble  in  so  far  as  its  most  important 
constituent,  calcium  hydrogen  phosphate,  "  soluble  phosphate  "  is 
(MMicerned.  The  finely  ground  rock  [)hosphates,  basic  slag  or 
b(juo-meal  are  so  nearly  insoluble  in  water  that  they  are  classed 
as  "  insoluble  "  though  it  is  well  known  to  the  agriculturist  that 
they  must  be  so  far  soluble  that  they  can  serve  the  plant ;  other- 
wise they  could  not  play  the  part  they  do. 

But  since  such  materials  must  be  soluble  in  order  to  be 
useful,  it  is  evident  that  the  amount  of  water  in  the  soil  and  the 
rainfall  must  have  an  important  relationship  to  the  employment 
of  such  materials.  This  factor  has  been  recognised  in  Europe, 
but  our  Indian  agricultural  literature  is  without  serious  reference 
to  it. 

The  problem  is  this.  If  we  have  a  certain  manure  to  put  on 
the  land,    does  it  matter  when  it  is   applied,  or  must    we  select  a 
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particular  iiioiith  of  the  year  or  a  particular  season  for  the 
l)urpose  ?  This  largely  depends  on  whelhci  thr  material  is 
"soluble"  or  not,  because  it' it  is  solul)lc,  h.-aw  rain  may  wash 
it  away  from  the  region  in  which  tiie  planl-ioot  duvelopnicnt  is 
taking  place.  For  example,  Aiknian  in  his  "  Karinyai-d  Manure  ' 
(page  43),  says  :  — '•  As  to  the  depth  to  wiiicji  it  is  advisable  t<i 
plough  the  manure  in,  it  may  be  here  noticed  that  it  slKUiId  not 
be  too  deep,  so  as  to  permit  of  the  access  of  sutlicient  moistuie  to 
ensure  proper  fermentation,  and  to  prevent  ra|)id  washing  down 
of  nitrates  to  the  drains."  And  aj^ain  in  his  "  Manun's  an«l 
Manuring  ''  (page  4710'  he  says  ;  "  Nitrate  of  soda  shonld  iievi-r  ht- 
applied  before  the  plaiit  is  ready  to  utilise  it  "  and  "  the  use  of 
such  a  fertiliser  in  a  damp  season  is  less  likely  to  he  economical 
than  in  a  dry  one."  Such  general  principles  are  well  known  : 
the  sentences  quoted  were  naturally  written  for  British  farmers  ; 
they  are  simply  an  expression  of  the  necessity  for  considei-ing 
the  current  water  supply  as  well  as  the  nature  ot  the  fertiliser. 

In  India  then  it  is  important  to  apply  these  principles  also. 
Since  the  fertiliser  has  to  be  brought  into  the  soil  at  sueh  a 
depth  that  it  may  be  at  the  service  of  the  plant,  and  yet  hr  not 
washed  away  by  drainage,  consideration  of  the  rainfall  is  the  k.  y 
to  a  rio-ht  solution  of  the  questioti.  We  may  state  it  thus  : 
what  rainfall  do  we  require  (if  any)  to  wash  our  manme.  or  tli. 
soluble  part  of  it,  into  the  stratum  of  soil  in  wliidi  the  |)lant  i^ 
feeding,  and  what  probability  is  there  of  it  being  caniod  too  far 
down  into  the  sub-soil  ? 

In  Europe  the  question  is  answered  brietly  thus  :— bulky 
manures  and  oil-cakes  .should  usually  be  ploughed  into  the  land 
before  the  crop  is  sown,  though  some  people  put  farmyard 
manure  on  the  surface  after  the  crop  has  germinated  (/.r..  it  is 
not  ploughed  in  at  all).  Similarly  the  "  in.soluble "  fertilisers 
such  as  basic  slag  or  superphosi)hate  are  ploughed  into  the  .soil 
before  sowin^r  •  but  the  very  soluble  materials  like  the  .saltpetre 
or  sulphate  of  ammonia  are  more  commoidy  broadcasted  on  the 
land  after  the  crop  has  germinated  ;  indeed  when  a  crop  is 
sown  in  the  autumn  such  materials  are  not  put  on  the  land   until 
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the  spring  time  because  during  the  winter,  plant  growth  is  very 
slow  and  fertilisers  are  more  useful  in  the  spring  time  when 
growth  is  rapid. 

This  practice  is  based  on  the  general  rainfall.  Broadlj'- 
speaking  this  is  distributed  uniform^  over  the  whole  year  ;  each 
month  receives  its  quota,  rarel}^  less  than  1  inch,  generally 
more.  One  inch  of  rainfall  if  it  falls  mostly  within  a  few  days  in 
Fuirope  is  ample  to  wash  a  soluble  manure  well  into  the  soil.  It 
is  probable  that  drainage  would  occur,  but  the  fertiliser  is  not 
necessarily  carried  into  the  drains.  When  rain  falls,  for  the  most 
part  it  merely  displaces  water  already  in  the  soil  (assuming  no 
droui^ht  to  have  occurred)  and  some  of  the  latter  water  finds  its 
way  into  the  drains.  Even  2  inches  of  rain,  falling  within  a 
few  daj's,  would  not  itself  pass  further  than  1  2  inches  deep,  and 
in  most  cases  it  would  reach  a  less  depth  than  this.  Hence  it 
follows  that  in  Britain  it  is  quite  safe  to  apply  soluble  manures, 
and  even  farm  manure  as  a  "  top-dressing."  Whether  it  would  be 
equally  good  practice  to  put  the  former  into  the  soil  before  sowing 
is  another  matter.  Other  considerations  play  a  part.  Not 
merely  do  we  desire  to  prevent  such  materials  from  passing  away 
in  drainage  water  ;  we  must  recollect  that  they  may  be  lost  to  the 
plant  in  other  ways,  such  as  by  bacterial  changes.  The  latter 
simply  make  it  generally  desirable  to  present  soluble  manures  to 
the  plant  as  nearly  as  possible  when  the  plant  can  use  them. 

It  becomes  then  a  question  to  consider  in  how  far  our  Indian 
rainfall  will  indicate  the  most  suitable  mode  of  applying 
fertilisers.  It  will  be  most  convenient  to  take  the  case  of  saltpetre 
first,  because  it  is  entirely  soluble  to  start  with,  and  will  be  carried 
with  any  water  that  happens  to  be  present.  Considering  the  two 
great  divisions  of  crops,  vahi  and  hharif,  it  is  generally  assumed 
that  if  saltpetre  were  used  for  the  kharifit  would  be  washed  away 
before  the  crop  could  use  it.  Of  the  j^ossibility  of  this  happening 
there  can  be  little  doubt.  For  the  sake  of  example  I  will  con- 
sider the  part  of  India  where  I  reside — Behar.  On  the  average 
between  5  and  10  inches  fall  in  June  mostly  in  the  latter  part,  in 
July  the  mean  fall  is  between  10    and    15    inches.     Now    at    the 
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close  of  the  hot  weather,  and  a.s>suiuiii*^  the  land  lo  ha\(j  buLii 
already  ploughed  a  single  tall  of  5  inches  would  he  all  taken  up 
by  the  soil  and  would  distribute  itself  largely  '"  tl>''  ^'•'■'^t  and 
second  or  first  to  third  feet.  Under  such  circumstances  it  would 
be  a  mistake  to  put  saltpetre  on  the  land  before  the  first  rain 
But  the  general  practice  is  to  cultivate  the  land  during  the  first 
break  succeeding  the  first  fall  of  rain  when  the  soil  is  nieclv 
moist  without  being  too  wet  and  seed  is  sown  on  this.  Sup[)osing 
then  that  saltpetre  were  used  at  this  time  and  j  inches  of  rain 
fell  some  time  in  the  next  fortnight,  it  would  be  sufficient  tt» 
displace  the  whole  of  the  water  in  the  first  foot,  and  since  this 
displacement  is  not  perfect,  some  of  it  would  find  its  way,  may 
be,  into  the  second  foot.  In  this  case  also  the  fertiliser  would 
be  carried  beyond  the  stratum  in  which  the  young  plant  wanted 
it,  unless,  indeed,  the  latter  had  developed  unusually  fast.  On  tin* 
whole,  it  would  be  an  unsafe  practice  to  sow  saltpetre  with  the 
seed.  But  supposing  the  crop  is  allowed  to  grow,  say,  (J  or 
8  inches  high  and  the  saltpetre  is  then  put  on,  it  is  improb- 
able that  it  would  be  carried  beyond  the  stratum  in  which  w«' 
require  it.  The  root  development  will  have  extended  beyond  tlic 
first  foot,  the  crop  transpires  at  this  stage  probably  _  to  j  lbs. 
of  water  per  sq.  foot  per  day  (-4"  to  TO"),  and  unless  the  fall  ot 
rain  succeeding  the  application  of  saltpetre  were  unusually  heavy, 
such  as  10"  on  one  day,  or  say  even  during  three  succeeding  days, 
the  fertiliser  would  be  where  the  plant  required  it.  1  have 
assumed  rather  extremes  throughout  in  order  to  show  what  both 
the  possibilities  as  also  the  probabilities  of  the  case  are.  Nor 
have  I  instanced  the  use  of  saltpetre  as  a  top-dressing  for  a 
young  crop  in  July  in  order  to  recommend  it ;  it  is  probably 
more  suitable  for  another  season,  but  there  would  be  no  risk  of 
the  manure  being  washed  away  out  of  the  area  of  the  root  range. 
So  far  as  I  can  tell  from  my  soil  moisture  records  at  present, 
"  top-dressing  "  with  .saltpetre  in  Behar  in  July  would  be  succes.sful 
in  most  j^ears. 

We    may    also    consider    the   ca.se   of  Cawnpore.     This  soil 
holds  probably  about  as  much  water  as  the  Behar  soil  does.     The 
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following  is  a  statement  showing  the  fortnightly  rainfall  in 
the  second  half  of  June  and  the  month  of  July  for  the  last  nine 
years  ;  and  an  inspection  of  it  indicates  what  the  probabilities 
are  of  a  soluble  fertiliser  like  saltpetre  being  carried  by  heavy 
rain  out  of  the  reach  of  a  j'oung  crop.  In  two  years,  1904  and 
1899,  this  risk  would  have  been  serious;  but  in  the  remaining 
eight  years  such  a  manure  might  have  been  safely  used  as  a 
top-dressing. 


Ju 

ly 

Cavrnpore. 

June 
15th  to  30th. 

fc--* 

lsttol5tb. 

16th  to  3 1st. 

19fi6 

6-55 

4-76 

2-21 

1905 

5-62 

2-52 

1904 

377 

5-67 

1113 

1903 

1-72 

0-77 

1902 

2  4.5 

4-57 

19(11 

4-66 

2-99 

1900 

i-ie 

2-67 

2-50 

1899 

5 -so 

4-85 

15-52 

1898 

2-09 

3-85 

5-67 

1897 

1-20 

0-94 

5-02 

We  may  turn  to  another  example,  namely,  Dehra  Dun. 
There  the  soil  is  generally  stony,  and  although  there  are  some 
areas  of  stiff  land,  the  greater  part  would  certainly  not  hold, 
per  cubic  foot,  nearly  so  much  water  as  the  Behar  soil ;  most  of 
it  would  not  hold  more  than  half  as  much.  Consequently  any 
particular  rainfall  would  displace  water  to  a  much  greater  depth 
than  in  Behar,  and  soluble  fertilisers  would  pass  correspondingly 
deeper.  Add  to  this  the  fact  that  the  rainfall  is  considerably 
heavier,  and  it  becomes  clear  that  in  most  years  such  fertilisers 
could  not  there  be  employed  profitably  to  a  rains  crop. 

We  may  next  turn  to  the  rali  season  as  exemplifying  a 
rainfall  characteristically  different  from  the  kharif.  There  is 
a  general  belief  that  such  soluble  fertilisers  as  saltpetre  may  be 
most  economically  applied  to  the  cold  weather  crops.  Such  a 
belief  is  possibly  sound.  The  average  rainfall  over  nearly  the 
whole  of  India  from  October  to  April  is  only  a  few  inches  and 
is    generally    insufficient    to    cause    drainage ;  jmrt    of  Eastern 
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Bengal  and  Burma  forming  perhaps  the  only  exception.  Con- 
sequently the  risk  of  loss  of  such  soluble  plant  food  from  this 
cause  is  nominal. 

The  question  then  follows  whether  the  fertilisers  should  be 
ploughed  into  the  land  before  sowing  the  crop  or  be  put  on  as  a 
"  top-dressing.  "  Taking  Behar  again  as  an  e.xample,  the  monsoon 
proper  is  expected  to  continue  well  into  September  and  drainage 
does  not  usually  cease  until  the  end  of  that  month.  During 
October  anything  from  2  to  5  inches  may  be  expected  tailing  un 
an  average  of  2  to  5  days,  that  is,  it  is  commonl}'  fairly  good 
rain.  November  and  December  are  usually  rainless.  It  follows, 
therefore,  that  if  manures  are  to  be  used  at  all,  they  must  be 
applied  in  October,  and  it  seems  clear  that  the  proper  course  to 
pursue  would  be  to  plough  them  in  with  the  last  ploughing  before 
the  seed  is  sown.  Top-dres.sing  would  in  most  years  be  useless, 
for  the  manure  would  remain  on  the  surface,  or  at  least  diffuse 
into  the  soil  only  slowly. 

Turnino-  to  Dehra  Dun  aofain  the  circumstances  are  ditleront. 
October  has  its  showers  usually  like  October  in  Behar,  but  the 
temperature  is  so  much  lower  during  November  and  December 
that  crops  are  held  back  and  they  mature  fully  a  month  later 
than  in  Behar.  In  addition  to  this  there  is  nearly  always  some 
rain  at  the  end  of  December  or  in  January  and  fertilisers  which 
had  been  put  on  the  growing  crop  immediately  prior  to  these 
rains  would  be  sufficientlv  well  washed  into  the  soil  to  enable 
them  to  play  the  part  they  do  in  Britain.  Thus,  top-dre.ssing  f  a- 
the  rahi  crop  in  Dehra  Dun  would  generally  be  successful. 

Another  suitable  example  is  the  Idack  cotton  soil  area  in  the 
Berars,  taking  Akola  as  a  specific  point.  The  land  is  "  black 
cotton"  soil  and  this  will  usually  hold  a  fairly  large  wu?.Wm«»i 
amount  of  water.  The  rainfall  of  this  part  is  only  small,  /•<:., 
about  30  inches  ;  and  this  is  distributed  very  uniforndy  over 
June,  July,  August  and  September  ;  usually  less  than  one  inch 
falls  in  any  of  the  other  eight  months  of  the  year.  Clearly  then 
we  may  say  it  is  useless  to  put  a  soluble  manure  on  the  land  as  a 
top-dressing  during  the  "  cold    weather."     If  used  for  the  rahi  it 


36 


Ar;KICULTURAL    JOURNAL    OF    INDIA. 


[VI,  I. 


would  be  necessary  to  plough  it  in  before  sowing.  For  the 
"  rains  "  crops  it  is  probable  that  it  would  be  unsafe  to  put  it  on 
the  land  before  sowing.  It  is  true  that  when  rain  comes  at  the 
end  of  the  hot  weather  the  land  will  be  so  dry  that  the  five  or  six 
inches  of  rain  will  be  absorbed  mostly  by  the  upper  foot  of  soil, 
but  black  cotton  soil  cracks  so  much  that  some  portion  of  any 
heavy  rain  runs  directl}^  into  the  subsoil,  and  whilst  an  exagger- 
ated idea  exists  regarding  manures  being  washed  away  by  rain, 
still  in  the  case  under  consideration  there  would  be  a  risk  of  some 
loss.  On  the  other  hand,  if  a  soluble  manure  were  scattered  on 
the  land  after  the  crop  had  grown  six  inches  or  so  high,  the 
current  rainfall  of  July  should  wash  it  into  the  soil  ;  the  hot 
weather  cracks  will  be  closed  up  by  this  time,  and  the  usual  rain- 
fall would  not  be  sufficient  to  carry  the  fertiliser  out  of  the  area 
in  which  the  root  development  is  taking  place.  Even  a  fall  of 
two  inches  of  rain  at  one  time  would  do  no  harm  in  this  respect, 
though  one  of  four  inches  in  one  day  might  do  so. 

On  the  other  hand,  the  same  assurance  could  not  be  given 
for  the  neighbourhood  of  Nagpur  where  the  soil  is  also  "  Regur." 
Appended  are  the  rainfall  data  for  the  latter  half  of  June 
and  the  month  of  July,  and  judging  from  this  it  seems  likely 
that  m  six  out  of  the  nine  years  top-dressed  saltpetre  would 
have  been  largely  lost  to  the  crop. 


Yenr, 


1906 
1905 
1904 
1903 
1902 
1901 
1900 
1899 
1898 


June 

15th  to  30th. 

17 -.37 

51 

6-3 

5-62 

0-10 

4-84 

•2-74 

4-00 

300 

July 


1st  to  liith. 

4-79 

9-79 

3-90 

7-25 

8-.S6 

1-04 

7-61 

1-68 

6-.54 

I6th  to  31st. 


9-85 
2-50 
0-57 
17-52 
20S 

6  92 

7-84 

1-56 

12-99 


So  far  then  as  these  very  soluble  fertilisers  are  concerned,  it  is 
purely  a  question  of  probable  rainfall  together  with  a  consideration 
of  the  maximum  amount  of  water  the  particular  soil  will  hold. 
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I  have  been  asked  two  questions  in  relation  to   |)ossil)le   loss 
of  soluble  fertilisers.      The  first   is,    supposing   after   tajt'drt'ssnK/ 
with  say  saltpetre,  a  heavy  fall  of  rain  commences,  such  as   2"  in 
the   first  hour,    would   any  of  the  fertilisers   be   washed   ofi"  the 
land  ?      It  is  easy  to  show  that  it  would  not.      We  m.'iy   taku   the 
following  figures  by  way  of  illustration.      Assume   that    the   to[)- 
dressing   has  consisted  of  SOOlbs.  of  saltpetre  per  acre  :   this  is  a 
much  larger  amount  than  one  could  usually  atlbrd  to   put  on    U)i 
a  crop,  but  an  extreme   figure  is  purposely   taken.     Previous   to 
this  rainfall  it  is   to  be  assumed  that  no   rain  has  falh-n   f<»r  at 
least    some    days;  otherwise   the   "top-dressing"    would   hardly 
have  been   put  on.     Since   a  young   cro[)  transpires   very    large 
amounts  of  water,    it   is   clear  that   the    surface    soil    cannot   be 
saturated  ;  hence  it  is  equally  certain  that  the  first  rain  will  soak 
into   the   land  ;   it  will  be  sufficient  to  assume  that  the  first  -2"  is 
thus  absorbed  before  any  water  commences  to  run  off  by  surface 
drainage.     Now   oOOlbs.    per   acre    is  equal  to    18  oz.  i)er  s(j.  It.  ; 
•2"  of  water  =   16  oz.  per  sq.  ft.,  and  since  the    18  oz.  of  .saltpetre 
would  readily  dissolve  in  J  oz.  of  water,  it  is  clear  that   the   first 
•2"ofrain(16    oz.  per  sq.   ft.)   is   far  more    than   is   re(iuired   to 
dissolve  up  the  fertiliser ;  this  water  is  indeed  sufficient   to  carry 
the  solution  at  least  i"  below  the  surface.      If  it  is  further  recog- 
nised that  there  must  be  a  downward  movement  of  water  taking 
place  in  the  surface  soil  throughout  the   duration   of  the   rainfall 
we  are  considering,  it  is  clear  that  the  nitrate  having  once  entered 
the  soil,  it  is  perfectly  protected  from  removal  in  any  of  the  rain 
which  may  subsequently  run  off  the  field. 

The  second  question  which  my  friend  i)Ut  is  in  relation  to 
"  diffusion."  I  am  not  sure  that  the  general  reader  ol'  this  jour- 
nal will  understand  what  this  process  is,  but  he  n.ay  readily 
make  an  experiment  which  will  demonstrate  it  to  himself  Take 
a  small  teaspoonful  of  sugar  in  a  glass  tumbler  and  add  ten 
tea  spoonfuls  of  water.  If  the  sugar  and  water  are  stirred 
together,  the  former  will  gradually  disapp.-ar  and  dis.solve 
in'the  water.  We  shall  then  have  a  solution  <.f  sugar.  Now 
pour  on  to  the  top  of  this  solution   some   clean    pure    water   untd 
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the  tumbler  is  nearly  full.  The  water  must  be  poured  down  the 
side  of  the  tumbler  very  slowly  and  carefully  so  that  it  does  not 
mix  with  the  sugar  solution  any  more  than  can  be  avoided.  Now 
place  the  tumbler  on  a  shelf  where  it  won't  be  disturbed.  At 
first  the  sugar  solution  will  appear  quite  distinct  from  the  water 
above  it,  but  gradually  in  a  few  days  it  will  be  seen  that  the  one 
lifjuid  merges  into  the  other  and  that  the  water  in  the  upper 
part  of  the  tumbler  will  become  sweet.  Thus  the  sugar  has 
passed  without  any  shaking  or  stirring  from  the  one  water  into 
the  other.  This  process  is  called  "  diffusion"  and  it  occui's  when- 
ever a  solution  of  a  substance  is  brought  into  contact  with  some 
more  of  the  same  solvent. 

Now  the  question  which  was  put  to  me  in  relation  to  the 
possible  removal  of  soluble  manure,  was  this.  Assume  that  the 
saltpetre  is  ploughed  into  the  land  before  sowing,  and  that  subse- 
quently moderate  though  not  excessive  rain  occurs,  sufficient  to 
carry  the  salt  from  the  top  4"  of  ploughed  soil  more  or  less  into 
the  first  12".  ^Ye  would  now  have  a  solution  of  saltpetre  in  the 
first  foot,  but  in  the  second  and  succeeding  feet  we  should  have 
either  less  or  no  saltpetre  (there  would  probably  be  some 
saltpetre  in  the  subsoil  independently  of  that  ploughed  in). 
Diffusion  would  now  naturally  set  in,  and  occasion  some  of  the 
saltpetre  to  pass  into  the  subsoil.  My  friend's  question  then  is, 
would  this  process  of  diffusion  be  likely  to  occasion  the  removal 
of  so  much  of  the  saltpetre  from  the  surface  soil  to  the  subsoil 
and  hence  from  the  area  in  which  the  growing  plant  is  developing 
as  to  seriously  rob  it  '.  The  information  on  the  subject  of  diffusion 
of  salts  in  soils  is  very  limited,  but  it  is  a  very  much  slower  process 
than  in  plain  liquids  and  I  shall  be  safe  in  saying  that  not  one- 
tenth  part  of  the  saltpetre  could  be  thus  lost  to  the  plant. 

Passing  from  these  very  soluble  fertilisers  to  the  in- 
soluble ones  such  as  finely  ground  bone,  mineral  phosphate,  basic 
slag,  it  is  clear  that  since  they  are  so  little  soluble  in  water, 
they  cannot  be  washed  into  the  soil  like  sulphate  of  ammonia  or 
saltpetre  by  heavy  rainfall.  The  chief  point  to  bear  in  mind  in 
their  use  is  that  they  should  be  as  intimately    mixed   into  the 
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soil  as  possible.  Accordingly  it  is  an  advantai^^e  to  broadcast 
these  fertilisers  on  the  land  at  the  couiniencenient  of  tillage 
operations  and  give  them  every  chance,  by  the  repeated  pluugli- 
ings  and  cultivations  that  precede  sowing,  of  becoming  thoroughly 
incorporated  into  the  soil. 

Superphosphate,  in  so  far  as  it  is  affected  by  rainfall,  .stands 
on  much  the  same  footing  as  in.soluble  fertilisers.  Its  chief 
constituents,  the  soluble  phosphate  of  lime,  is,  as  a  matter  of  fact, 
perfectly  soluble  in  water,  but  no  sooner  does  a  .solution  of  tliis 
substance  come  in  contact  with  the  lime  and  iioii  in  the  .soij^ 
than  it  is  rendered  again  insoluble  and  it  is  caught,  so  to  speak, 
by  the  soil.  Were  it  not  for  one  factor  it  would  be  best  to  deal 
with  it  like  the  bone  meal  or  basic  slatj,  and  brinjr  it  into  as 
perfect  intermixture  with  the  soil  b}-  tillage  operations  as 
possible.  But  it  is  expensive,  especially  in  India  at  present,  and 
on  this  account  a  distinct  advantao-e  would  lie  in  "  drillinjr  "  it 
into  the  land  immediately  in  front  of  the  seed.  It  would  then  be 
carried  by  rain  into  just  those  parts  of  the  soil  where  the  young 
plant  develops.  Of  course  in  many  parts  of  India  seed  is  not 
drilled  but  only  broadcasted,  and  in  such  parts  superphosphate 
also  cannot  be  drilled. 

The  third  ofreat  class  of  fertilisers  are  the  bulky  manures. 
There  can  be  no  object  in  making  suggestions  to  practical  men 
about  the  application  of  these.  It  is  known  from  experience  that 
they  must  be  mixed  into  the  surface  soil  some  little  time  l)efure 
sowing  the  seed  where  they  become  gradually  changeil  into 
substances  which  the  plant  can  assimilate.  It  may  be  of  interest 
to  some  readers  of  this  Journal  to  know  that  one  part  of  such 
fertilisers  is  changed  into  the  very  soluble  nitrate  which  we  dealt 
with  previously,  and  this  can  of  course  be  carried  away  by 
drainao-e  water.  On  the  other  hand,  this  nitrate  is  formed 
gradually  and  hence  if  a  heavy  rainfdl  occurs  shortly  after  plough- 
ing-in  farm  manure  or  a  green  crop,  only  that  part  of  th.'  nitrate 
which  has  already  formed  can  be  rpmoved  ;  a  further  i»art  will 
be  formed  later  on  as  the  season  progresses  and  some  no  inconsid- 
erable part  is  reserved  in  the  soil  for  future  years. 


THE  PRESENT  POSITION  AND  PKOSPECTS  OF 
COTTON  CULTIVATION  IN  INDIA— 11. 

(Piip:sented  to  the  Brussels  Congress,  May  1910.) 

By  G.  a.  GAMMIE,  f.l.s., 

Imperial  Cotton  Specialist. 

{Continued from  paje  '6b\,   Vol.   V,  Ft.   IV.) 

II. — The  Special  Difficulties  met  with. 

Mr.  Mollison,  Inspector-General  of  Agriculture  in  India, 
wrote  two  valuable  notes  on  the  improvement  of  cotton,  one 
in  1002  and  the  second  in  the  year  following.  To  understand 
these  properly  it  should  be  remembered  that  all  previous 
attempts  to  improve  the  standard  of  cotton  in  India  had  been 
framed  with  the  idea  that  there  was  no  possibility  of  permanent 
iin{)rovement  of  any  indigenous  variety  and  that  success  could 
oidy  be  looked  for  in  the  introduction  of  some  exotic  already 
po.s.sessing  the  characteristics  required.  A  renewed  study  of 
the  problem  thus  brought  prominently  into  view  two  main 
features,  firstly,  that  there  was  not  full  information  on  record 
regarding  the  agricultural  characteristics  and  comparative 
values  of  indigenous  varieties,  and  secondly,  that  unsuccessful 
ettbrts  have  been  made  for  many  years  to  induce  the  Indian 
cultivator  to  grow  exotics  in  order  that  finer  lint  would  be 
produced. 

In  1902  and  succeeding  years  samples  of  indigenous  cotton 
seeds  bearing  different  vernacular  names  were  obtained  from  all 
the  provinces  of  India  for  sowing  at  Poona  and  other  centres,  and 
this  collection  in  time  formed  a  complete  representation  of  the 
many  types  of  cotton  gruwn  in  the  country. 
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A  classification  of  these  wa.s  ;UU'iiijttt.'(l  Wy  tiie  present 
Cotton  Specialist.  This  was  accepted  as  a  haiidhnnk  suited  to 
the  requirements  of  field-workers  bj'  most  of  the  provinces  of 
India,  especially  as  it  essayed  no  violent  departuie  from  any  of 
the  usually  accepted  methods  of  classification,  its  only  novel 
feature  being  that  it  emphasised  the  necessity  of  >uhoi-diiiatiii^ 
botanical  re(|uirement  to  agricultural  needs  in  the  account  of  an 
Indian  genus  so  highly  domesticated  that  it  is  difficult  to  assert 
that  any  form  exists  in  a  truly  wild  condition  in  the  countrv. 

Having  obtained  a  clear  idea  of  tlie  botanical  characteris- 
tics of  the  cotton  plant  in  India,  the  next  steps  were  to  judge  of 
their  comparative  values  from  an  agricultuial  point  of  view  li\- 
seeing  them  grow  side  by  side  under  varying  conditions  of  soil  and 
climate,  and  to  determine  how  far  the  characters  (.f  a  varietv 
change  by  moving  it  from  one  district  to  another.  The  study 
of  these  questions  in  their  entirety  is  obviouslv  one  that  can  only 
be  completed  after  many  years'  observation,  but  by  co-onlinating 
results  obtained  on  the  experimental  farms  throughout  India,  the 
following  salient  facts  are  more  or  less  establi.shed  : — 

I.  That  long  season  cottons  are  quite  unsuitable  for  early 
season  cotton  districts  and  vice  versa,  and  that  slight  dilfercnci  > 
of  climate  cause  laroe  differences  in  the  (lualitv  of  cotton 
produced. 

'2.  That  varieties  characteristic  of  the  black  eotton  soil  fall 
away  in  some  inherent  quality  if  transferred  to  another  class  of  soil. 

3.  That  exotic  varieties  thrive  better  in  red  oi-  sandy  soils 
and  have  thus  only  been  introduced  peiinanently  with  var\'ing 
degrees  of  success,  outside  the  regnlai-  superior  Tntliaii  cotton 
areas,  e.g.,  Dharwar  American,  Bourbon  in  Coimbatore.  North 
Gujarat  and  the  Konkan  ;  Egyptian  in  Sind  :  Upland  Georgian 
in  the  Punjab  and  United  Provinces. 

4.  That  inferior  varieties    are  in  many  tracts  (listing  supe 
rior  chiefly  on  account  of  their  greater  haidine.ssand  more  certain 
yield  of  a  lar^^^e  outturn  of  cotton,  and  that  the  so-called  doteriora- 
tion  of  Indian    cotton  is   really    dun  to  this    f>his  the  fraudulent 
practice  of  middlemen. 
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5.  Good  varieties  from  the  first,  ^Yhen  isolated,  are  superior 
to  the  remaining  members  of  the  general  mixture  too  often 
found  growing  in  the  fields,  e.g.,  Malvensis  in  the  Central  Pro- 
vinces and  Khandesh  and  Karungani  in  Madras. 

G.  That,  in  rare  cases,  provided  conditions  are  similar, 
a  superior  variety  of  the  same  type  can  be  substituted  with 
advantage,  for  instance,  Broach  cotton  for  Kumpta  in  the 
Dharwar  District  of  Bombay. 

7.  That  cross  fertilization  inter  se  has  in  many  cases  un- 
doubtedly strengthened  the  stock,  but  the  same  method  employed 
between  different  varieties  has,  up  to  the  present,  yielded  nothing 
of  permanent  advantage.  The  reason  for  this  can  be  gathered 
from  the  final  paragraph. 

8.  In  conclusion,  the  cotton  plant  is  so  influenced  by  its 
environment  that  in  some  provinces,  for  instance,  in  Gujarat, 
varieties  which  appear  to  be  absolutely  the  same  in  every  way 
from  a  botanical  point  of  view  have,  nevertheless,  individual 
characteristics  which  allow  them  to  be  grown  in  perfection  and 
with  profit  only  in  the  tracts  where  they  have  become  the  actual 
children  of  the  soil. 

As  regards  the  chance  of  acclimatising  exotics  from  which 
alone  we  can  hope  to  produce  cottons  of  sufficient  merit  to  com- 
pete on  equal  grounds  with  that  of  America  and  Egypt,  it  is  in- 
teresting to  observe  that  Mr.  Molli son's  surmise  (which  is  given 
in  the  next  sentence)  was  practically  sound  and  still  holds  good 
after  seven  years'  further  experience.  He  said  :  "  Certain  exotic 
cottons  can,  I  am  sure,  be  much  more  successfully  grown  in  the 
alluvial  plains  of  Upper  India  with  canal  irrigation  than  in  the 
black  cotton  soil  areas  in  Madras,  Bombay,  Berar  and  the 
Central  Provinces  ;  and  any  real  improvement  of  cotton  in  these 
black  cotton  soils  can  only  be  obtained  by  ivorking  from  within" 

For  many  years  past  it  has  been  considered  that  the  problem 
of  how  to  produce  a  high  class  long  stapled  cotton  in  India  could 
be  solved  by  the  cultivation  of  one  or  other  of  the  many  foreign 
and  naturalised  varieties  of  Tree  Cotton.  In  the  time  of  the 
East  India  Company  strenuous  efforts  were  made  in  several  parts 
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of  the  Madras  and  Bombay  Presidencies  to  establish  Bourbon 
as  a  crop.  Many  experiments  were  made,  some  showed  distinct 
indications  of  success  at  first,  but  all  were  in  the  end  disappointing 
and  now  the  plant  exists  as  a  mixture  in  fields  in  the  red  soil 
of  Coimbatore  and  adjoining  districts,  and  sporadic  plants  occur  in 
many  gardens  throughout  India  and  Burma.  There  is  still  room 
to  hope  that,  with  more  careful  selections  of  locality'  and  the 
more  progressive  methods  of  treatment  and  cultivation,  this 
variety  may  yet  be  found  profitable  to  grow.  Trials  with 
Brazilian,  Rough  Peruvian  and  a  few  others  have  failed  coni- 
pletel3\  The  chief  objections  to  the  introduction  of  a  tree  cotton 
as  a  field  crop  are  its  urgent  water  requirement  during  the  early 
part  of  its  life  which,  of  course,  necessitates  irrigation  over  the 
greater  part  of  India  ;  the  extreme  likelihood  of  no  crop  being 
produced  in  the  first  year  ;  the  risk  of  the  very  brittle  branches 
being  broken  by  the  wind  ;  the  increased  danger  from  insect  pests 
which  are  harboured  and  carried  on  from  year  to  3'ear ;  the 
imperfect  opening  of  the  boll — a  condition  usually  associated  with 
a  damaged  state  of  the  cotton  ;  and  last,  but  by  no  means  least, 
a  low  outturn  throughout  (as  compared  with  that  of  indigenous 
varieties)  or  a  fairly  high  outturn  in  the  first  year  followed  by 
steadily  decreasing  yields  in  succeeding  years. 

The  greatest  difficulty  in  the  way  of  maintaining  superior 
variety  indefinitely,  however,  lies  in  the  vicissitudes  of  the  seasons. 
The  o-reater  part  of  the  cotton  tracts  in  India  is  certainly  liable 
to  recurring  periods  of  famine.  During  these,  the  coarser  types 
which  are  most  resistent  to  drought,  will  usually  yield  something 
of  a  crop  to  the  cultivators,  while  the  finer  may  be  hopelessly  lost. 
In  succeeding  years  the  fai-mers,  benefiting  by  a  lesson  gained 
through  hard  experience,  carefully  sow  their  fields  with  seeds 
derived  from  the  surviving  varieties.  They  may  earn  less  than 
formerly  from  the  produce  of  the  cotton,  but  on  the  other  hand, 
they  are  more  certain  of  saving  themselves  from  absolute  lo.ss. 
To  frive  instances,  the  substitution  ot  Jari  for  Bani  and  Varadi 
for  Jari  in  the  Central  Provinces,  and  of  MaUiio  for  Lcdio  in 
Kathiawar,  can  be  accounted  for  in  this  way. 
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Taking,  as  we  perforce  must,  the  climates  and  soils  of  India 
as  they  are  and  assuming  that  the  whole  area  suitable  for 
indigenous  cotton  cultivation  is  almost  wholly  occupied  and 
that  exotic  cottons  (with  rare  exceptions)  have  failed  to  main- 
tain their  footing  in  these,  the  outcome  of  a  long  grapple 
with  difficulties  leaves  us,  at  the  present  moment,  equipped 
with  a  slender  amount  of  valuable  experience  which  can  be  shortly 
summarised  as  follows  : — In  the  indigenous  cotton  areas,  as 
Mr.  Mollison  enunciated  years  ago,  improvement  must  come  from 
within.  The  results  already  arrived  at  in  Bombay,  Madras,  and 
the  Central  Provinces  teach  us  that  much  can  be  eflfected  in  a 
short  period  by  following  up  this  line  alone.  In  the  Punjab, 
United  Provinces,  Bengal,  and  on  the  lighter  soils  and  heavier 
rainfall  tracts  of  Madras,  Bombay,  the  Central  Provinces  and 
similar  regions  throughout  India,  much  might  still  be  done  in  the 
introduction  of  one  or  other  form  of  Upland  Georgian  if  the 
officers  of  the  Department  could  only  contrive  to  devote  a  small 
portion  of  their  well  filled  time  to  the  working  out  of  the 
problem. 

III. — The  Natukk  of  Experimental  Work  in  Progress. 

In  the  Bombay  Presidency  experiments  have  been  conducted 
for  several  years  past  to  test  the  suitability  of  the  following- 
cottons  in  the  various  cotton  areas  ;  Uplands,  Cambodias,  Buri, 
Tree  cottons,  indigenous  cottons  and  hybrid  cottons. 

After  extended  trials  it  has  been  definitely  proved  that 
cottons  of  the  Upland  American  type  only  thrive  in  a  certain 
tract  of  the  Southern  Maratha  Country  at  the  southern  termi- 
nation of  the  Presidency.  As  the  land  at  Dharwar  was  outside 
the  most  suitable  tract,  a  piece  of  land  has  been  obtained  near 
the  town  of  Gadag,  and  all  serious  work  on  the  most  promising 
American  cottons  was  carried  through  there  since  last  year. 
At  Dharwar,  when  dry  easterly  winds  blow  in  the  month  of 
December,  the  plants  become  badly  affected  with  "  red-leaf 
blight ;"  at  Gadag,  it  is  satisfactory  to  learn  that  not  even  a  trace 
of  the  disease  was  visible.     The  following  comparative  statement 
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shows  the   valuations  of  the  special  American  cottons  cuhivattd 


at  Gadaof 


1 

1 

GiNNINO 
PERCK.NTAUB. 

Vali-atkin  in  lis. 

PBK  CANDY  t»K  784  LBS. 

Register 
No. 

Name. 

1 

Grown 

at 

Dliurwar. 

Grown 

lit 
Gadag. 

Grown 

at 

Dharwar. 

(Jrown 

nt 
Gadng. 

R«.       ' 

IN. 

: 

New  Boyd's  Proli- 
fic (manured). 

New  Boyd's   Pioli 
tic  (unmanuied). 

New  Allen's    Long 
Staple  (inannied). 

.38  a-) 

36-6 

:i8-49 

•2:u 
273 

212E 

New  Allen's  Lon^ 
Staple      (nnnian- 
nied). 

Old    Boyd's   Proli- 
fic. 

3241 

37-28 
36-84 

! 

270 

259 

209E 

King's  Improved.. 

33-U 

35-38 

... 

211E 

Allen's  Hybrid     . 

:«-io 

.3.5-03 

nominal 

270 

207E 

Truitt  ... 

32-90 

1 

3503 

•3.37 

213E 
38E.BI 

Tata's  Allen's  Hy- 
brid. 
New  Orlean.s 

31-03 
29-80 

1 

:«-06 

32-56 

270 

259 

... 

Dharwar  American 

1 

1 

30-84 

240 

•2.57 

liSUAKKS. 


K<iiial     to     DIuuwar 
Ariiprican. 


Much  Miipcriur  in 
(•la.H8  ai'd  !4raple  to 
Dharwar  American. 


Dharwar— Much    the 
.•(amc;v.sNo.  3HK  HI. 

iJadn;:  i-atluT  In-tfor 
than  Dharwar  Anic 
ric.in. 


D  h  a  r  w  a  r  —  L  o  n  g. 
silky  .«t.iplo.  the  l>e!»t 
of  the  hunch. 

Oadap— St.iple  much 
Wtterth.in  Dharwar 
American. 

Quito  cijual  to  Dhar- 
war Americ-an.  Di**- 
appointing  in  staple 
and  colour. 


Dharwar  —  N  ice 

staple       and      good 
staple,  hut  leafy. 


Not6  I. — The  value  of  good  saw-ginned  Dharwar,  i.e.,  the  best  class  of  this  cotton  frM 
from  any  admixture,  was  worth  fully  Rs-  '260  to  Rs.  '262. 

Note  II. — The  samples  valued  were  not  from  selected  plants,  but  were  of  the  general 
picking. 

Note  III. — Valuations  received  through  the  Imperial  Cotton  .Specialt.'it  attribute  a  higher 
relative  value  to  the  last  mentioned  cotton  in  the  above  list  grown  at  Gadag  by  about  Hs.  1.1. 

The  appearance  in  the  fields  of  all  the.'^e  I^plaiuls  shows 
conclusively  that  they  are  just  as  suited  to  the  climate  and  soil 
as  the  long  e.stablished  Dharwar  American,  and  it  is  to  be  hoped 
that  the  Agricultural  Department  will  spare  no  pains  to  test 
them  to  the  utmost  on  an  extended  field  scale  before  finally 
arranging  for  an  annual  distribution  of  seed. 
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A  form  of  Upland   Georgian,   received  from  Cochin   China, 

and   passing  current   under   the    name  of  Cambodia,  has  already 

criven  clear  promise  of  a  greater  adaptabihty  to  varied  conditions 

as   it  is   immune   from    "  red-leaf  blight  "   even   on  the  Dharwar 

farm,   and  its  behaviour  on  a  site  selected  in  the  more  rainy  and 

liilly  western  part  of  the  Dharwar  District  goes  far  to  show  that 

it  may  succeed   even  there.     This  year  it  is  contemplated  to  test 

it  on  tracts  with  a  heavy  rainfall  to  fully  test  its  capability.     At 

Poona,  in  the  Deccan,  under  a  rainfall  of  about  25   inches   it  has 

attained  maximum  growth  with  produce  satisfactory  in  quantity 

and  qualit3\ 

At  present  the  following  valuations  have  been  obtained— see 

page  47. 

At  Surat  Mr.  Main  says  that  Cambodia  has  been  found  to 
be  the  only  exotic  annual  which  gives  any  promise  of  successfully 
competing  with  Broach  Deshi  in  Southern  Gujarat.  It  yields  up  to 
385  lbs.  of  seed  cotton  per  acre  w^ith  a  ginning  percentage  of  40. 
At  Dhulia  in  Khandesh,  while  the  yield  of  Cambodia  was  only 
moderate,  its  cotton  was  valued  nearly  equal  to  that  of  Navasari. 

Another  cotton,  very  closely  allied  to  this,  introduced  from 
Chutia  Nagpur  in  Bengal,  wdiere  it  is  known  as  Buri,  also 
yielded  fairly  good  results,  but  it  must  be  admitted  that  it  is 
decidedly  more  particular  in  its  requirements,  of  w^hich  a  higher 
rainfall  may  rank  as  being  the  most  called  for.  In  the  Central 
Provinces  it  has  attained  distinction  in  Bani  growing  tracts 
where  the  rainfall  of  the  last  two  years  has  proved  sufficient  for 
it,  but  in  the  Bombay  Presidency  it  will  certainly  have  to  yield 
the  premier  position  to  Cambodia.  At  Dhulia  in  Khandesh  and 
at  Poona  in  tlie  Deccan,  its  cotton  has  been  valued  as  equal  to 
Broach  which  is  slightl}^  inferior  to  that  of  Navasari. 

Tree  Cottons. — Many  forms  of  these  have  been  grown  in  the 
Bombay  Presidency  for  years  and  the  final  consensus  of  opinion 
seems  to  be  that  the  only  two  at  all  likely  to  be  profitable  are 
Bourbon  and  Soft  Peruvian.  They  are  both  quite  hard}',  more 
or  less  immune  to  insect  and  fungoid  attacks,  but  share  equally 
in  the  drawback   of   requiring   irrigation  to   tide  them    over  dry 
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periods.  In  the  light  sandy  soils  of  northern  Gujarat  they  yield 
a  moderate  crop  in  the  first  season  ;  over  the  greater  part  of  the 
Deccan  in  the  black  soil  country  no  return  can  be  looked  for 
until  the  second  year.  At  the  Guneshkhind  Botanical  Garden 
near  Poona,  Bourbon  does  not  yield  any  cotton  in  the  first 
sea.son.  In  three  succeeding  years  the  jneld  was  about  100  lbs. 
per  acre  valued  at  Rs.  300  per  candy  of  784  lbs.,  or  equal  to 
F.  G.  Navasari.  This  was  from  seed  produced  by  acclimatised 
Deccan  plants.  Plants  grown  from  seed  obtained  from  northern 
Gujarat  gave  cotton  which  was  valued  at  Bs,  25  per  candy  higher 
than  F.  Navasari  cotton.  In  Bassein  on  the  coast  north  of 
Bomba}^  the  following  general  conclusions  were  drawn  : — The 
Bourbon  gives  a  crop  during  the  first  year  ;  it  thrives  best  in 
black  soil  ;  that  cattle  manured  plots  produce  a  larger  outturn  of 
seed  cotton  than  pruned  and  unmanured  plants.  So  far  the 
Bourbon  is  the  onl}^  form  which  has  been  subjected  to  field  tests 
by  farmers,  especially  near  Deesa,  and  their  experience  proves 
that  the  plant  fails  in  outturn.  Experiments  are,  however,  still 
in  progress  to  find  out  whether  or  no  a  more  satisfactory  result 
can  be  obtained  by  more  careful  methods  of  cultivation  and 
piuning.  All  that  can  be  said  at  present  regarding  the  prospects 
of  tree  cotton  cultivation  is  that  every  endeavour  to  grow  various 
kinds  on  a  large  scale  has  failed  disastrously.  At  the  Nadiad 
Farm  in  Gujarat  it  was  found  that  the  vegetable  Bhendi 
(Hibiscus  esculentus)  grown  in  the  Bourbon  plots,  covered  the 
expenses  of  irrigation  by  the  sale  proceeds  of  its  crop.  At  the 
Guneshkhind  Botanical  Garden  near  Poona,  acclimatised  soft 
Peruvian  was  considered  to  retain  its  native  characteristics  by 
competent  judges  who  valued  it  at  Rs  400  per  candy  or  Rs.  100 
more  than  F.  Navasari. 

Indigenous  Cottons. — The  possibility  of  improving  these  by 
selection  has  been  kept  plainly  in  view  for  some  years,  and  some 
valuable  experience  has  already  been  gained.  In  1904,  a  speciall}' 
good  plant  of  Broach  was  observed  and  seed  has  been  sown 
continuously  since  from  this  and  its  descendants.  Last  year 
an  area  of  7  acres  was  sown  with  this  cotton.     The  yield  varied 
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between    50(>    and    ()<)()    !!)>;.    ptT  aciL-  wiili   a   ^imim-    j)ercentn;j^«.' 
of  32*5,  wliicli   is    an    advantage    of"     85    \nv   cent,    as    compared 
with     the     result    tV.»in    an    unselected    sample.      At      Dliarwar. 
selection  has  been  goino-  on  during  the  same  period  tVoin  the    local 
cotton.      As    the    object    aimed    at    was    (piality,    this    has    been 
secured   at    the   exj)ense    of   the    giniung    percentage    which   lias 
fallen    from  25  to  23*36  per  cent.      [n    Hombay  one  le.sson  learned 
is   that    within  a  variety  the  (|uality  varies  more  or  le.ss  inversely 
with  quantity.      Tlie  selected  cotton  was  valued  at  Ks.    265    when 
ordinar}'  Kumpta    was  valued    at    Rs.    248  ;   at   the    same    tinje 
cotton  orrown  on  Dharwar  farm  from  Hroach  seed  was  valued    at 
Rs.    270  to  Rs,   275,  with  a  ginning  percentage  of  :{0  d'j  to  328  I. 
so  that  the  policy  of  the    Department  of    encouraging  the    exten- 
sion of  cotton   grown  from   im})orted    Broach  seed  is  economically 
sound.     The    fact    that  selected    Broach  tjrown  at    Dharwar  in  6 
years    dropped   in   percentage    from    32*81    to    29*51  proves    tbe 
necessity   of"  frequent    imports  of  fresh  Broach    seed  to  check  tbe 
inevitable    deterioration    which     accom})anies    attempts    at    eacb 
acclimatization.      At    Dohad,      in     the      Panch    Mahals,     it    was 
definitely  ascertained    that   no    cotton,  which  did  not  yield  before 
the  end  of  December,  could  be   successfully  cultivated    on  account 
of  the    damaue    liable   to    be    done    bv  frost.      Khandesh   cotton 
yielded  at  the  rate  of  539  and  490  lbs.  of  seed  cotton  per  acre,  as 
the    bulk    of  the   produce  was  harvested  before    the    frost   came. 
Cambodia    cotton,   introduced  from  Cochin -China,  also  did   f"airl\ 
well.      It    yielded    at    tbe  rate    of  468  lbs.  of  seed  cotton  per  acre 
before  the  frost  occurred.    It   is  unlikely  that  any  other  variety  of" 
cotton  will   succeed    unless    it     is  sown  early    in    the  year    under 
irrio-ation.      At  Dhulia  in  Khandesh  a  prolonged  study  of  the  local 
forms  has   clearly    established    the    fact    that    they    consist   ot  a 
mixture  of  at  least  six  types   and   that  some    of  these  are    better 
than  others.     The  distribution  of  seed  of  the  best  type  has  already 
been  commenced. 

In  the  Southern  Maratha  Country,  where  the  staple  ol"  the 
Dharwar  American  cotton  varies  from  ^  to  J  of  an  inch,  woik 
in  selection  has  been  initiated,  not   only   t.»    improve    the   length 
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of  the  staple,  but  also  to  fix  a  green  seeded  tj-pe  which  bears 
longer  cotton  with  a  ginning  percentage  of  1  to  2  per  cent, 
higher  tlian  that  of  the  white  seeded  variety. 

Ili/hrid  Cottons. — In  spite  of  long  continued  and  laborious 
study  little  or  no  progress  has  been  effected  in  establishing 
stability  in  these  and  as  a  final  resource  the  method  of  the  unit 
system  has  been  introduced.  One  general  conclusion  arrived  at 
on  the  Surat  Farm  is  that  at  least  three  of  the  hybrids  are  now 
equal  to  the  best  Navsari.  Some  crosses  made  between  different 
kinds  of  Uplands  at  Gadag  are  yielding  hopeful  results.  At 
Nadiad  in  northern  Gujarat,  some  excellent  crosses  have  been 
evolved  between  Texas  and  Bourbon  and  also  between  Egyptian 
and  Sea  Island  and  Bourbon.  The  purpose  of  the  crosses  was 
to  remove  the  objection  to  Bourbon  that  its  bolls  opened  badly- 
causing  weakness  in  the  fibre.  All  the  crosses  made  proved 
superior  in  this  respect  and  the  subjoined  statement  shows  that 
the  results  are  so  far  encouraging,  see  page  51. 

At  Dhulia  hybridizing  experiments  have  been  conducted  with 
the  view  of  combining  quality  and  outturn  in  the  local  cottons. 

In  the  Central  Provinces  an  experimental  farm  devoted  main- 
ly to  the  investigation  of  problems  relating  to  cotton  and  juar 
has  been  started  at  Akola  in  Berar.  There  it  has  alreadj^  been 
demonstrated  that  tillage  causes  the  land  to  absorb  and  retain 
all  the  rain  that  falls  on  it.  The  separation  and  selection  of  the 
different  types  of  neglectum  cotton  which  exist  in  Berar  have 
been  carefully  conducted  and  the  variety  known  as  malvensis 
has  proved  superior  so  far  both  as  regards  quantity  and 
quality. 

The  most  important  fact,  however,  that  has  come  to  light 
during  the  course  of  these  experiments  is  the  suitability  of  a 
higher  class  cotton  for  the  soil  of  Berar  in  Bani  tracts,  namely, 
Biiri,  an  acclimatized  form  of  Upland  Georgian  in  Chutia  Nagpur. 
This  has  been  valued  at  50  per  cent,  more  than  any  of  the  local 
cottons.  The  chief  drawback  to  its  cultivation  is  that  it  may 
suffer  more  from  drought  than  the  local  Jari,  but  still  it  may  pay 
the   cultivator   to  take  the  risk.     Another  step  in  advance  which 
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has  been  taken  by  the  Department  is  the  establishment  of  eight 
seed  farms  in  tracts  where  they  are  immediately  under  the  eyes 
of  the  cultivators.  Here  varieties  which  have  been  approved  of 
in  the  experimental  farms  are  produced  in  large  areas  and  the 
seeds  distributed  to  cultivators.  At  the  end  of  year  1908-09, 
8,245  lbs.  of  Buri  seed  had  been  distributed  in  Berar,  1,714  lbs. 
ill  tlie  Central  Provinces  and  1,000  lbs.  in  the  Feudatory  States. 
The  lowest  outturn  on  the  farms  was  300  lbs.  of  seed  cotton  per 
acre  and  the  highest  1,080  lbs.  It  was  not  affected  by  wilt  and 
the  percentage  of  cotton  to  seed  was  as  high  as  that  of  jari. 
Its  tolerance  of  a  higher  rainfall  gives  promise  of  success  even  at 
Rajnandgaon  and  Raipur.  The  cultivation  of  Buri  by  farmers 
who  buy  and  sow  the  seeds  is  fortunately  not  left  altogether  to 
their  discretion  because  the  trained  agricultural  assistants  wh<^ 
are  in  chaige  of  the  seed  farms  in  Berar  also  supervise  the  opera- 
tions proceeding  in  the  districts. 

In  his  manurial  experiments  on  cotton,  Mr.  Clouston  still 
finds  an  advantage  in  the  use  of  a  nitrogenous  fertilizer  in  a 
manurial  dressing.  As  regards  rotation,  it  seems  that  cotton  and 
fv.r  in  the  first  year  and  juar  in  the  second  and  cotton  and  juar  in 
alternate  years  are  easily  first,  thus  confirming  the  value  of  the 
local   practice. 

In  the  Akola  Farm,  owing  to  the  abnormal  character  of  the 
two  .seasons  the  farm  has  been  in  existence,  some  experiments  so 
far  have  yielded  negative  results  and  others  of  a  more  obvious 
nature  have  confirmed  facts,  such  as  that  as  long  as  the  number 
of  cotton  plants  are  not  crowded,  the  larger  the  number  the  great- 
er the  yield.  On  poor  soil,  the  cultivator  does  not  thin  out  the 
plants  at  all  but  allows  all  to  come  to  maturity.  In  a  favourable 
year  and  in  good  soil,  however,  the  growth  of  the  plots  is 
greatly  increased  and  fewer  can  be  grown  with  advantage  to  the 
area.  Trials  are  in  progress  to  ascertain  the  most  profitable 
spacing  distance  to  adopt  on  heavily  manured  soil. 

Another  series  of  trials  laid  down  to  ascertain  the  relative 
values  of  the  outturns  of  different  cottons  have  so  far  been  dis- 
counted by  adverse  circumstances  of  which  water  logging  was  the 
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chief.      Under    these    unt'avour.-ihU'    conditions,    Iiowever,     Ihwi 
surpassed  all  but  Berar    /ari. 

Samples  of  all  these  cottons  were  reported  on  iv  Kiian 
Bahadur  Bezonji,  the  Mana^jer  of  the  Empress  Mills  at  Xa^^pur, 
as  follows  : — ''Veruni  and  ^[alvensis  are  L,^ood  t\p«>>  ^A'  jnri.  'I'lic 
staple  is  rather  fine  and  long  for  jari ;  they  would  !»•'  worth  al»oui 
Rs.  5  more  for  ?>oja  of  345  lbs.  R<^sea  and  C'utchica  air  the 
useful  types  of  jari,  with  fibre  shoit  and  coarse.  '1  li<*  l->uri 
cotton  is  long  in  staple  and  better  than  J^ani.  Tlif  I'pland 
Georgian  may  be  considered  equal  to  Bani." 

The  following  is  the  statement  of  outtuins  as  given  by  Mi-. 
Clouston  : — 
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It   has     always   been   a    moot   point     whether    topping    tlu- 
young  plants  is  really  beneficial  or  not.      TIi'-  .\k"l.i  trials  so  far 
demonstrate  that  the  chief  difference     between   t(»pj»Ld  aiul   un 
topped   plants    is    that   the    latter    throw    out    new    branches   and 
mature  three  weeks  later  than  tho.se  allowed  to  grow  naturally. 

The  series  of  experiments  designed  with  the  idea  of  gauging 
the  profits  to  be  derived  from  the  u.se  of  fertilizers  as  manures 
for  cotton  grown  on  black  cotton  soil  has  already  shown 
a  few  indications  of  result,  such  as  that  highly  solubh-  artificial 
fertilizers  are  not  profitable  when  apidied  without  a  more  bulky 
organic  manure,  that  when  applied  along  with  .so  bulky  a  manure 
as  cattle  dung,  however,  both  nitrate  (.f  soda  and  nitrate  of 
potash   are  likely   to  prove  [)rofitablo  manur.s  •  that  i!i,    mt io;,r,.|, 
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of  nitrate  of  soda  appears  better  than  the  same  quantity  of  the 
nitrate  of  potash;  that  10 lbs.  of  nitrogen  in  either  form  along 
with  64  niaunds  of  cattle  dung  is  more  profitable  as  a  manure 
for  cotton  than  20  lbs.  of  either  fertilizer  with  32  maunds  of 
cattle  dung.  Another  series  of  trials  which  may  probably  bring 
out  a  profitable  idea  for  the  farmer  is  to  determine  the  com- 
parative values  of  cattle  dung  and  urine  as  manures  for  cotton, 
the  urine  being  conserved  by  the  dry  earth  system.  Cotton  and 
jiiar  are  to  be  grown  in  rotation  and  the  manure  applied  every 
year.  Mr.  Clouston  is  certain  that  by  adopting  the  dry  earth 
system  of  conserving  the  urine  of  his  cattle  a  farmer  can  double 
his  supply  of  manure. 

In  the  Madras  Presidency,  where  well  directed  efforts  have 
been  persevered  with  for  some  j^ears  past,  the  Director  has  fur- 
nished a  clear  account  of  the  work  already  accomplished  and  the 
following  is  the  brief  abstract  of  this. 

In  the  matter  of  cultivation,  in  the  Ceded  districts  where 
the  use  of  the  drill  is  universal,  the  only  improvement  calling 
for  attention  is  the  introduction  of  heavy  iron  ploughs  already 
extensively  used  in  parts  of  Bellary.  Already,  in  spite  of  the 
extreme  backwardness  and  conservatism  of  the  Kurnool  ryots, 
seven  orders  have  been  received  for  these  ploughs,  and  their  use 
is  certain  to  spread  as  the  value  of  the  implement  becomes  estab- 
lished. In  Tinnevelly,  about  1,000  acres  of  privately  owned  land 
were  sown  with  the  drill,  an  entirely  new  introduction  to  this 
part  of  the  Presidenc3\  An  inspection  of  the  fields  showed  their 
superiority  over  broadcasted  crops,  as,  the  year  being  dr}^,  the 
seeds  were  sown  at  an  uniform  depth  and  the  soil  moisture  was 
conserved  by  frequent  interculture.  It  is  also  asserted  that  so\v- 
ing  can  be  done  more  quickly  by  the  drill.  The  ryots  who  have 
adopted  the  new  method  are  fully  satisfied  as  to  its  merits,  and 
were  more  trained  instructors  available,  the  spread  of  the  new 
system  would  probably  be  very  rapid.  The  experiments  in 
irrigating  cotton  at  Hagari  show  that  the  yield  of  country  cotton 
can  be  increased  thereby  in  a  dry  season,  but  unfortunately  not 
enough  to  cover  the  cost  of  laying  out  the  land  for  irrigation  and 
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payment  of  water  rate.  In  ordinary  seasons  there  would  be  no 
advantage  whatever.  The  ryots  who  enjoy  the  facilities  oilered 
by  the  Kurnool  canal  are  said  never  to  use  the  water  for  cotton. 
All  attempts  to  grow  superior  varieties  of  cotton  with  tlie  help 
of  irrigation  have  failed. 

In  the  northern  parts  of  the  Presidency,  owing  to  the  mix- 
ture of  varieties,  seed  distribution  on  a  large  scale  has  not 
been  possible.  Certain  information,  however,  has  been  received 
to  the  effect  that  the  two  varieties  of  white  seeded  cotton, 
Gadag  and  White  Northerns,  were  adjudged  to  be  superior 
in  every  way  to  the  Yerra-patti  (brown  lint)  and  XaUnpatti 
(black  seeded  white  lint)  which  at  present  occur  in  the  mixture 
known  to  the  trade  as  Northerns. 

Forty-five  acres  of  land  have  already  been  taken  up  for 
growing  seed  of  pure  white  seeded  Northerns  and  the  seed  will  be 
distributed.  Ultimately  it  is  intended  to  expand  the  line  of  work 
Avith  a  view  to  raising  the  general  type  of  cotton  produced  in 
the  district  and  maintaining  it  on  a  higher  level. 

In  Tinnevelly,  where  the  cultivators  are  more  intelligeuL 
and  also  where  only  two  types  of  indigenous  cotton  are  grown — 
Uppam  and  Kariuiganni — the  problem  is  simple  and  the  more  so 
because  several  experts  have  declared  that  Kariuiganni  is  superior 
to  Up)pam.  It  appears  to  be  at  least  as  prolific  as  U}>paui. 
Seed  distribution  has  therefore  been  taken  up  on  a  large  .scale 
and  last  year  sufficient  for  about  8,000  acres  was  sown. 
During  this  year  seed  was  grown  on  2G3  acres  of  ryot's  land  for 
distribution  by  the  Department.  It  is  to  be  hoped  that  the 
proportion  of  KarinKjaiini  will  increase  in  Tinnevelly  cotton 
and  hence  give  it  an  enhanced  value. 

In  their  attempts  to  effect  the  improvement  of  cotton  the 
officers  of  this  Department  have  learned  by  experience  tliat 
better  results  are  likely  to  accrue  from  selection  of  their  local 
varieties  than  from  the  introductitm  <jf  varieties  from  foreign 
countries  or  from  other  provinces  in  India  or  even  from  other 
parts  of  their  own  Presidency.  Trials  in  the  dry  tract  of 
Bellary  distinctly  prove  that  in  a  bad  year    no    variety    yet   dis- 
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covered  will  fare  better  than  the  local  "  Jowari."  One  great 
objection  to  it  is  its  low  percentage  of  cotton  to  seed,  this  being- 
only  25,  but  selections  made  and  partially  tested  already  show 
over  30  per  cent.  A  certain  amount  of  attention  is  also  being 
paid  to  the  call  from  Indian  mills  for  a  longer  staple  cotton 
which  will  make  the  country  independent  of  the  American  suppl}^, 
and  the  study  of  Bourbon  cotton,  the  only  long  stapled  variety 
in  the  Presidency,  is  being  taken  up.  At  present  it  loses  its 
value  because  it  comes  into  the  market  mixed  with  a  short 
stapled  cotton. 

A  variety  of  G.  hirs'iUum.  known  as  Cambodia,  is  now  being 
extensively  cultivated  in  the  Tinnevelly  district  on  land  command- 
ed by  wells.  It  is  a  risky  crop  to  grow  on  dry  lands,  but  it  is 
ex[)ected  that  its  introduction  will  prove  a  useful  one.  When 
the  officers  of  the  Department  realise  the  possibilities  inherent  in 
this  variety,  they  will  make  strenuous  efforts  to  test  it  thoroughly, 
AS.  it  is  perhaps  the  most  promising  cotton  of  Upland  type  ever 
introduced  into  India. 

In  the  Punjab,  although  its  Agricultural  Department  is  one 
of  very  recent  organisation,  a  few  important  details  on  the  subject 
of  the  cottons  likely  to  be  of  use  in  the  province  have  already 
been  established.  Many  of  the  American  cottons  have  given 
very  good  results.  Two  varieties  have  already  been  selected  to 
be  tested  on  a  field  scale.  The  Buri  variety  from  Bengal  also 
{)romises  well.  The  African  varieties  have  been  found  to  be  too 
late  in  ripening  to  suit  the  requirements  of  the  Punjab. 
Kgyptian  cottons  fail  when  grown  under  local  conditions  and 
their  chance  of  success  seems  very  remote.  Five  varieties  of 
indigenous  cotton,  fnirly  true  to  type,  have  been  sown  on  large 
plots.  Direct  evidence  has  been  found  that  cross-fertilization 
does  take  place  in  cottons.  The  tree  cottons,  as  might  be  expect- 
ed, produced  no  crop  of  any  value  whatever.  A  collection  of 
Punjab  cottons  was  made  and  the  plants  grown  for  botanical 
purposes.  It  was  found  that  practically  each  of  these  was  such 
a  mixture  of  types  that  it  was  difficult  to  say  which  was  the 
predominant  one 
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As  is  the  usual  experience  all  over  India.  tli(>  excessive  rHJns 
ill  the  cotton   Howering    season    caused    a    Uny^ev    nuinher    of   the 

early    flowers    to  fall  off  and  consequently  iliininished  the  outturn 
considerabl3\ 

In  the  Administration  Report  of  the  l)irectt)r  of  Agrii-ulluro 
ior  the  United  Provinces  of  Agra  and  ( )udh.  a  meagre  account  only 
is  given  of  the  progress  of  cotton  impiuvemeiit  in  his  piu\  ince. 
it  is  to  the  effect  that  oOO  maunds  of  American  aeclimati.sed 
cotton  were  sold  mostly  in  the  Aligarh  district.  The  sea.son  nf 
1908  was  unfavourable  to  all  kinds  of  cotton  and  tli.-  vield  was 
very  poor.  The  Depaitment  purchased  such  cotton  as  was 
brought  to  it  and  arranged  for  ginning  and  disposal  to  spinners. 
The  future  of  the  crop  still  seems  doubtful.  If  sown  early 
enough,  it  grows  well  and  yields  heavily,  but  the  problem  (»f 
getting  it  to  market  unmixed  with  country  cotton  and  in  (juanti 
ties  large  enough  to  attract  buyers  is  still  unsolved. 

These  provinces  of  course  yield  the  class  of  cotton  known 
in  the  trade  as  "  Bengals.  "  There  is  little  hope  of  ever  in>prov- 
ing  these  to  a  sufficiently  high  standard  and  it  is  a  matter  of 
regret  that  the  officers  of  the  Departuient  do  n«»t  realise  tlie 
necessity  of  supplanting  them  bysomefnim  <•(  Upland  cotton 
for  which  the  climate  seems  quite  suitable. 

In  Burma,  where  the  Department  has  not  enjoyed  sufficient 
time  as  yet  to  accomplish  any  thing  definite,  the  ])irector  states 
that  the  general  unsuitability  of  ihe  Lower  Burma  soil  and  climate 
for  cotton  has  again  been  indicated.  Before  attempting  to  in- 
troduce exotics  in  Upper  Burma  efforts  are  being  directed  towards 
a  thorough  examination  of  the  varieties  now  grown  with  a  view 
to  ascertaining  the  possibilities  of  im{)rovement  by  utilising  the 
best  of  theuj.  A  variety  found  in  the  Northern  Shan  States  htm 
obtained  a  very  favourable  report  from  a  Bomliay  tiiin  and  W 
now  being  tried  at  the  ^[andalay  Agricultural  Station. 

In  Bengal,  which  lies  practically  altogether  outside  the 
great  cotton  tracts  of  India,  an  experiment  with  J-Juri,  a  variety 
of  Upland  Georgiaji  acclimatised  in  Chutia  Nagpur,  has  lather 
disappointed  the  officers  of  the   Department,    l>ut    further    trials 
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with  this,  the  Dishila  and  the  Bourbon  will,  I  am  certain,  show 
them  that  cotton  of  good  quaUty  can  be  produced  at  a  profit 
in  Beni2:al. 

In  Eastern  Bengal  and  Assam  we  have  a  striking  instance 
of  an  abnormal  variety  of  cotton  growing  under  what  we  also 
consider  abnormal  conditions  of  climate.  This  cotton  is  grown 
only  by  the  aboriginal  hill  tribes  under  a  primitive  system  of 
agriculture,  and  it  is  so  harsh  in  its  nature  that  it  is  said  to  be 
used  only  in  Europe  as  a  substitute  or  adulterant  of  wool.  At- 
teiTjpts  to  grow  other  varieties  of  cotton  fail  uniformly  on  ac- 
count of  the  heavy  rainfall.  The  variety  grown  in  the  Garo 
Hills  is  taken  as  the  best  of  the  hill  cottons  and  trials  with  its 
seeds  will  probably  be  made  throughout  the  hill  tracts  of  the 
province  in  general. 


FIELD  EXPERIMENTS. 

By  a.  C.  DOBCS,  u  a.  {Cantab.), 
Principal,    Agyicnllural    College,    Sabour. 

A  NUMBER  of  experimental  tarnis  have  been  established  at 
one  time  or  another  in  India,  particularly  in  the  more  accessible 
parts  of  the  country,  where  agriculture  is  already  developed  to  a 
very  high  degree  of  efficiency  having  regard  to  the  economic  con- 
ditions under  which  it  is  practised  ;  it  is  therefore  reasonable  to 
suppose  that  the  more  obvious  improvements  will  shortly  have  been 
effected  and  the  more  obviously  crude  practices  have  died  out, 
and  that  in  future  the  margin  of  profit  to  be  made  by  any  depar- 
ture from  local  practice  will  tend  continuously  to  decrease.  In 
proportion  to  this  decrease  will  be  the  increase  of  the  importance 
of  pursuing  scientific  method  on  experimental  farms,  in  onlcr  to 
estimate,  as  rapidly,  certainly,  and  accurately  as  possible,  the 
relative  advantages  of  difi'erent  practices. 

For  the  purpose  of  such  estimates,  field-experiments  may  be 
broadly  divided  into  two  classes, — those  that  necessitate  the 
comparison  of  the  yields  of  crops,  and  tho.se  that  do  not.  The 
latter  involve  little  but  care  and  actuarial  calculations,  arid  are 
not  complicated  by  incalculable  factors  that  give  any  special 
difficulty  ;  whereas  in  the  former,  the  whole  range  of  physical 
and  chemical  differences  of  soil  comes  into  play,  and  if  the  varia- 
tion in  fertility  due  to  these  differences  is  at  all  considerable,  the 
usual  methods  of  tabulating  and  comparing  the  results  of  compara- 
tive experiments  are  of  very  little  use.  In  fact,  judging  from 
attempts  that  have  been  made,  at  points  so  far  apart  as  Lyallpur 
in  the  Punjab  and  at  Sabour  in  Bengal,  to  test  the  fertility  of 
fields  to  be  used  for  experiments,  there  is  reason  to  suppose  that 
this    variation   in    fertility,   within  a  short  distance,  is  so  great  in 
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some  of  the  alluvial  soils  of  India,  as  quite  to  obscure  the  results 
of  comparative  experiments,  unless  special  precautions  are  taken 
to  minimise  and  discount  such  variation.  An  account  of  these 
attempts,  and  of  a  system  devised  to  discount  the  results,  may 
therefore  be  of  interest  to  workers  in  this  field. 

The  plots  in  both  cases  were  laid  out  so  as  to  be  of  the 
nnnimum  breadth  compatible  with  ease  of  cultivation  and  of  the 
maximum  convenient  size,  on  the  obvious  principle  (followed  in 
laying  out  the  classical  experiments  on  wheat  at  Rothamsted), 
that,  while  small  local  variations  in  the  fertility  of  the  soil  will 
be  neutralised  by  one  another  to  an  extent  proportional  to  the 
size  of  the  plots,  any  large  general  variation  is  likely  to  be  grad- 
ual and  continuous,  and  that  therefore  the  probable  normal 
difference  of  fertility  between  two  small  equal  adjoining  plots  will 
vary  more  or  less  directly  as  the  distance  between  their  centres — 
that  is,  as  their  breadth. 

At  Lyallpur  the  plots  were  220  yards  long  by  1 1  yards  broad  ; 
the  fertility  of  the  land  was  tested  in  1907,  previous  to  the  laying 
out  of  the  plots,  by  dividing  a  standing  crop  of  a  uniform  variety 
of  wheat  into  small  squares  and  weighing  the  produce  of  each. 
The  variation  in  fertility  from  side  to  side  of  the  field  in  a  direc- 
tion across  the  future  plots  was  then  plotted  in  a  curve,  as  explained 
below  and  as  shown  in  the  diagram  (  fig,  1  ).  This  result  was 
roughly  tested  and  confirmed  in  1908,  and  shows  the  great  influ- 
ence of  the  soil  factor,  which  caused  a  variation  in  yield  of  about 
•JO  per  cent,  in  plots  in  the  same  field,  and  an  average  variation  of 
about  3  per  cent.,  in  11  yards  when  adjoining  plots  are  compared. 
The  plots  at  Sabour  have  been  laid  out  similarly,  but  are  of 
double  the  size,  roughly  340  yards  long  by  15  yards  wide;  they 
have  been  tested  for  one  3'ear  only  b^^  the  growth  of  rape,  with 
the  result  shown  in  fig.  2.  The  testing  will  be  continued  for  a 
year  or  two,  as  some  of  the  land  is  known  to  have  been  highly 
manured  in  the  past,  but  it  is  clear  that  here  again  the  variation 
in  the  soil  would,  in  the  absence  of  such  definite  information 
as  will  be  obtained  by  successive  testing,  completel}''  obscure 
anything  but  the  most  marked  results  of  experiments. 
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How  such  v;iri;iti()»i  is  to  hp  disci.iiiil.il  i^  i  li.ri'ritrc  lilv.  i\ 
to  be  one  of  the  most  pft'ssino-  |)rol)l('ms  hetorc  tliose  wlio  try 
comparative  field  experiments  in  IikUh.  foi-  in  \'>'\v  eases  is  th<> 
land  available  likely  to  be  appi'oximately  unilbrm,  ainl  time  can 
not  be  afforded  to  reduce  it  to  uniformity,  ♦'vcn  it'  that  were 
possible. 
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Fig.  1.— Curvk  shewing  Variation  ix  Fkkth.ity  ok  a  Fiklk  ai   Lvaii  ii  k. 

Looking  at  the  diagrams  given  above,  some  of  the  principles 
on  which  the  solution  must  depend  become  clear,  n:.      - 

1.  Plots,    the   outturns    of   which  are  to  he  c(.mparcd  lor 

scientific  purposes,  must  be  as  long  and  as    narrow    ju, 

possible. 

2.  The   differences    of  fertility    of   the    plots   shoul.l    ho 

tested     before     starting    the   exi)eriments    and    taken 
into  account  in  subsequent  comparisons. 
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And  in  view  of  common  experience  of  the  manner  in  which 
the  fertihty  of  the  land  varies  from  year  to  year,  according  to  its 
previous  and  present  treatment,  we  may  safely  add — 

3.  The  land  should  be  tested  again,  every  year,  unless  and 
until  such  tests  may  show  that,  owing  to  uniformity 
of  treatment,  progressive  variation  has  ceased. 

The  last  of  these  may  perhaps  seem  difficult  to  put  into 
practice,  because  it  means  that  plots  must  be  selected,  at 
representative  points  on  the  curve  plotted  in  the  first  year,  and 
ao-ain  normally  treated  every  yea,v,  to  the  exclusion  of  experiments 
on  those  plots  ;  but,  until  such  testing  has  been  satisfactorily 
finished,  only  plots  that  are  alongside  of  one  another  can  in  any 
case  be  used  for  comparison,  with  any  likelihood  of  reliable 
results,  and  there  seems  no  reason  w^hy  the  experimental  area 
should  not  be  so  laid  out  that  every  other  plot  should  be  always 
normally  treated,  being  used  as  a  "  control  "  both  for  the  ex- 
perimental plot  on  each  side  of  it  and  for  the  variation  in  fertility 
of  the  whole  field  under  normal  cropping.  If  this  system 
increases  the  number  of  plots  necessary  to  carry  out  a  given 
number  of  experiments,  it  ensures,  on  the  other  hand,  more 
immediate  and  reliable  results  than  could  be  obtained  by  any 
reasonable  amount  of  the  duplication  of  experiments  which  is 
generally  considered  necessar}?-  to  lessen  the  effect  of  the  indeter- 
minable factors  which  such  a  system  eliminates. 

An  essential  part  of  such  a  system  is  the  "normal"  treat- 
ment of  the  "  control  "  plots.  It  is  on  all  counts  desirable  that 
the  progressive  variation  of  fertility  of  the  field  as  a  whole  should 
be  brought  to  an  end,  and  normal  conditions  established,  as  soon 
as  possible.  This  implies  that  the  whole  field  should  be  so 
cropped  as  to  be  reduced,  or  worked  up,  to  fair  fertility,  and  kept 
there.  The  work  done  at  Rothamsted  has  made  unnecessary  the 
repetition  of  academic  experiments  on  a  field  scale,  and  enables 
us  to  \vork  within  the  ordinary  canons  of  good  husbandry  ;  and 
there  seems  no  reason  why  the  area  devoted  to  comparative  ex- 
periments on  a  farm,  should  not  be  normally  cropped  with  a 
standard  rotation,  compiled  with  regard  to  local  practice,  so  as 
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to  be  both  conservative  and  profitable.  Each  year  of  tlio  rotation 
would  be  represented  on  the  h\nd  by  one  block  of  [»l(jts,  uniformly 
cropped  except  for  the  experimental  treatment  given  to  every 
alternate  plot.  Every  experiment  which  affected  the  fertility  of 
the  soil  could  be  tried  on  corresponding  plots  in  each  block  every 
year  ;  other  experiments  as  far  as  possible  on  different  plots  every 
year  ;  and  any  practice  found  unciuestionably  profitable  could  be 
substituted  for  the  "  normal  "    treatment  on  the  "  control  "  plots. 
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Fig.  2.— Curve  sHEWixr;  Vahiation  i.n  Feutility  or  a  Field  at  Saboi-b. 

Such  a  course  has   the    immense  advantage   of  providing  a 
practical    'control'    for   every    experiment,    instead    of    its  being 
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made,  as  is  too  often  the  case,  on  the  basis  of  some  impracticable 
and  unpiofitable  sj-stem  such  as  the  gi'owth  of  several  cereal 
crops  in  succession  on  the  same  land.* 

As  a  concrete  example,  the  experiments  carried  out  at 
Lyallpur  will  serve  to  illustrate  a  method  of  estimating  the 
results  of  experiments  planned  on  such  a  system  as  is  here  suggest- 
ed ;  it  is  not  an  example  to  be  followed  because  the  experiments 
were  complicated  far  more  than  was  desirable,  in  ordei"  to  test 
some  manures,  information  regarding  which  was  urgently  requir- 
ed ;  but  it  is  perhaps  all  the  more  useful  as  an  illustration. 

The  fertilit}^  of  tlie  field  was  tested  in  1907  and  gave  the 
curve  of  fertility,  shown  in  fig.  1,  and  reproduced  as  the  black 
line  in  fig.  3.  The  following  method  was  used  to  plot  tins 
curve  : — Up  and  down  lines  are  taken  to  represent  divisions 
between  equal  narrow  plots  in  the  field;  a  cross  line  in  the 
middle  of  the  paper  is  taken  as  a  base  line,  representing  the 
average  yield  per  acre  of  all  the  plots,  and  is  numbered  100. 
Percentao^es  above  or  below  this  are  marked  accordinof  to  any 
convenient  scale  on  the  marginal  lines. 

The  yield  of  each  plot,  calculated  per  cent,  of  the  aver- 
age, is  now  marked  by  a  line  parallel  to  the  base  line  across 
the  plot,  at  that  percentage.!  Now  if  the  width  of  the  plots 
could  be  indefinite!}^  decreased  and  their  number  similarly  increas- 
ed, and  if  no  abrupt  diflPerence  of  soil  or  treatment  occur  in 
crossing  from  anyone  plot  to  the  next,  these  lines  would  ultimate- 
ly merge  into  a  continuous  curve,  showing  the  gradual  variation 
of  fertility  of  the  field  from  side  to  side  in  a  direction  at  rioht 
angles  to  the  plot  boundaries. 


•  The  Rothamsted  experiments  have  shown  us  both  what  to  do  and  what  not  to  do  in 
this  respect ;  they  are,  for  the  most  part,  incapable  of  direct  applica' ion,  in  practice,  because 
the  "control"  provided  is,  purposely,  a  system  which  exhausts  the  land;  and  it  is  hardly  too 
much  to  say  that  the  value  of  nitrates  has  probably  been  considerably  exaggerated,  in  England, 
owing  to  the  omission  on  the  part  of  the  public  So  take  this  fact  into  account. 

I  The  actual  plots  used  for  this  purpose  were  not  those  shown  here,  but  the  curve 
shown  having  been  plotted  for  this  field  from  the  original  materials,  not  now  available,  the 
estimated  yields  of  the  new  plots  laid  down  in  1907  have  been  marked  for  purposes  of 
illustration.  In  fig.  2,  the  actual  percentage  yields  of  the  plots  at  Sabour  are  marked  in  blue 
and  that  figure  will  perhaps  serve  better  as  an  illustration  of  how  the  cirve  is   actually  drawn. 
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This  curve,  as  will  be  seen  subsequentl3\  is  the  key  to  tlie 
interpretation  of  the  results  obtained  on  the  plots,  and  it  is  there- 
fore important  to  plot  it  carefully.  But  as,  in  [)ractice,  the 
width  of  the  plots  cannot  be  decreased  beyond  a  certain  limit, 
it  is  necessary  to  obtain  the  curve  by  estimation. 

The  yield  of  each  plot  tested  is  therefore  marked,  as  stated, 
and  the  curve  is  sketched  in,  care  he'uv^  taken  that  it  makes 
equal  areas  on  opposite  sides,  with  the  lino  donotinLT  tho  vi»l<l 
of  each  plot  and  the  sides  of  the  plot. 

This  curve  shows  the  variation  in  fertility  of  the  field  for 
wheat  in  1907.  The  curve  for  another  croj)  or  another  season 
might  be  entirely  different,  and  there  is  no  doubt  that  the 
preparation  of  a  series  of  these  curves,  for  the  same  field  under 
different  crops,  aiid  for  several  seasons,  would  throw  a  most 
interesting  light  on  soil  and  crop  problems,  particularly  if 
compared  with  charts  of  the  meteorological  conditions,  and  of 
the  physical  composition  of  the  soil. 

But  meanw^iile,  for  the  immediate  purpose  in  view,  it  was 
necessary  to  assume  that  the  curve  was  to  some  extent  independ- 
ent of  seasons,  and  to  trust  to  the  test  plots  for  any  evidence  to 
the  contrary.  Normal  cropping,  under  a  rotation  intended  to 
be  permanent,  was  therefore  begun  in  1907-08.  It  was  desired  to 
test  five  samples  of  wheat  while  at  the  same  time  re-testing  the 
fertility  of  the  land  and  trying  the  effects  of  nitrate  of  lime  and 
of  calcium  cyanamide  on  wheat.  Under  the  somewhat  elaborate 
12  years' rotation  selected,  plots  1,  2,  3,  4,  5,  G,  1:3,  14,  15,  IG,  19 
and  20  fell  under  wheat. 

It  was  decided  to  use  these  plots  in  the  following  manner  :— 

(1)  All  the  odd   numbers   to  he  control  plots,  sown   with 

a  standard  sample  of  wheat,  for  comparison  with  tlie 
outturn  of  the  five  samples  of  wheat,  sown  in  the 
alternate  plots. 

(2)  Plots  1,  5,  13,  and  19  for  re-testing  the  land. 

(3)  Plots  3   and  15  for  the  manurial  tests. 

(4)  The  even  numbers  for  the   five  samples  to  be  tested, 

one  sample  being  sown  in  duplicate  plots. 
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Plots  4  and  16   were  given  the  same   manurial    applications 
as  plots  3  and  15  respectively,    so  as  to  make  a  direct  comparison 
between    3  and  4,  and  between   15  and  IG   possible.      When  the 
results  came  to  be    interpreted,   it  became    evident  that  several 
mistakes  had    been   made   in  the    planning  of  the    experiments. 
Firstly,   the  rotation  was  too  complicated,  separating,   as  it  did, 
the  plots  under  wheat,   and  thus  doing  away  with  the  advantage 
of  having  a  control  plot  on  each  side  of  every  experimental  plot. 
Secondly,  the  manurial  experiments  should  have  been  substituted 
for  two  of  the  sample  tests  instead  of  being  superimposed  on  them. 
Thirdly,   more   plots     should  have  been  reserved  for  re-testing 
the  fertility ;  and    in     particular     there    should  have    been   one 
at  each   extreme  point   of    variation,    whereas  plot   15   received 
calcium  cyanamide,  and  therefore    gave  no  check  on  any  progres- 
sive variation  in  relative  fertility  at  one  of  the  least  fertile  points. 
As  it  happened,   the  results  of  plot   1  had   to   be   rejected  owing 
to  the  depredation  of  sparrows  along  the   margin,  and  thus  the 
actual  yields  of  only  three  plots  were  left  to  check  such  variation. 
Fortunately  the  sample   sown  in   plot   2  was   the   same  as  that 
sown  in  plot  20,  these  being  the  duplicate  plots  referred  to  above 
and  so  it  was  possible  to   estimate   the   probable  yield  that  the 
standard  sample  could  have  given  in  plot  2  from  the  actual  yields 
of  plots  2,19,  and  20. 

These  mistakes  and  accidents  make  rtij  interpretation  of  the 
results  more  difficult  and  ambiguous,  but  not  impossible.  To 
attempt  an  interpretation,  a  diagram  is  prepared  as  shewn  in 
fig.  3.  The  1907  curve  is  first  transcribed.  The  j^ields  of  the 
test  plots  in  1908,  i.e.,  of  plots  5,  13  and  19,  calculated  as  per  cent, 
of  their  average  yield,  are  now  marked  as  shewn  in  blue.  Plot 
No.  1  being  out  of  court,  the  yield  of  the  standard  sample  is 
estimated  for  plot  2  as  suggested  above,  and  marked  with  a 
dotted  line  in  percentage  of  the  same  average.  The  curve  of 
probable  fertility  for  1908  is  now  sketched  in,  the  limiting  condi- 
tions being  : — 

1.     That  it  should  be  as  far  as  possible  conformable  to  the 
curve  of  1907, 
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2.  That  it  should  cross  the  test  plots  so  as  to  make  on 
opposite  sides,  equal  areas  with  the  sides  of  each 
plot  and  the  blue  line  representing  its  yield  for  1908. 
This  curve,  shown  in  red  in  fig,  3,  is  dotted  where  it 
crosses  plots  other  than   the  test  plots. 

The  actual  yields  in  1908  of  all  the  other  plots,  calculated 
per  cent,    of  the  same  average,  are  also  shown  in  blue. 

The  results  now  become  relatively  clear.  To  begin  with  plot 
3,  the  yield  would,  but  for  the  nitrate,  presumably  have 
been  where  the  dotted  red  curve  crosses  the  plot,  and  the  space 
between  this  and  the  blue  line  represents  the  percentage  increase 
due  to  the  nitrate — about  8  per  cent,  of  the  jie\d  of  the 
plot. 

In  plot  4,  the  combined  increase  due  to  the  sample  of  grain 
tested  and  to  the  manure  is  represented  by  the  corresponding 
space  and  is  about  16  per  cent,  of  the  average  yield  of  the  test 
plots. 

The  actual  yield  of  the  plot  w^as  107  per  cent,  of  this  basal 
average,  and  the  gain  due  to  the  nitrate  being  presumably  8 
per  cent,  of  the  actual  plot  yield,  or  8J  per  cent,  of  the  basal 
average,  7 J  per  cent,  of  the  16  per  cent,  is  left  as  probably  due 
to  the  difference  of  sample. 

As  the  yield  of  the  plot,  after  deducting  the  8J  per  cent, 
due  to  nitrate,  is  98 J  per  cent,  of  the  basal  average,  the  7|-  per 
cent,  due  to  the  difference  of  sample  may  be  taken  as  per  cent,  of 
the  yield  of  the  plot  after  making  allowance  for  the  nitrate. 

These  somewhat  unsatisfactory  and  complicated  calculations 
are  necessitated  by  the  superimposing  of  two  experiments  on  the 
same  set  of  plots. 

Coming  now  to  plot  6 — the  result  shows  a  difference  of 
about  2  per  cent,  in  favour  of  the  sample  tested  in  that  plot. 

In  plot  14  a  difference  of  about  32  per  cent,  in  favour  of  the 
standard  sample,  is  accounted  for  chiefly  by  the  fact  that  the 
sample  tested  was  a  broad-leaved  durum  wheat  which  is  known 
to  require  much  more  water  than  ordinary  wheats,  but  which 
was  given  the  same  amount  as  the  rest, 
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On  plot  15  the  effect  of  tlie  ealciuin  cyanainide,  wliicli  wu^s 
applied  late,  appears  to  have  been  nil  ;  hut,  takin«,'  itito  consider- 
ation the  depression  of  the  IDOS  curve  at  i)lt)t  .'>,  whioh  jjlot 
crosses  a  patch  of  "kalar"  land  at  its  centre,  and  in  view  of  the 
fact  that  plot  15  crosses  a  similar  patch  near  its  centre,  it  is 
doubtful  whether  part  of  the  lowness  of  yield  <>f  plot  1  I  was  not 
due  to  an  increase  of  "kalar"  salts,  such  as  has  apparently  taken 
place  in  plot  5,  and  whether  plots  15  and  Kl  were  not  saved  by 
the  manure  from  participating  in  such  a  decrease. 

If  plot  15  had  been  a  test  plot  in  1908,  the  curve  for  that 
year  might  have  shown  a  depression  at  that  point,  as  suggested  in 
the  dotted  green  curve,  similar  to  the  depression  at  plot  5  ;  the 
mistakes  alluded  to  above  are  responsible  for  this  and>iguity. 

As  regards  the  remaining  plots,  plot  10  shows  a  ditVorence  of 
about  2  per  cent,  and  plot  20  of  about  4  per  cent,  in  favour  of 
the  standard  sample  of  wheat. 

On  the  whole,  these  results  are  remarkably  in  accordance  with 
what  was  to  be  expected.  Considering  the  demonstrated  vari- 
ation of  20  per  cent,  in  the  fertility  of  the  plots  and  comparing  these 
results  with  those  of  the  experiments  of  many  previous  years  aa 
given  in  annual  reports  of  the  Lyallpur  Kx[)Lrimental  Station- 
experiments  carried  out  by  the  same  subordinate  staif  but,  inter- 
preted without  the  aid  of  any  test  of  fertility— these  results  show 
a  conservatism  which  is  in  itself  an  argument  in  favour  of  givmg 
some  such  system  a  trial  wherever  the  results  of  experiment's 
involving  the  comparison  of  crop  yields  may,  hitherto,  have 
appeared  unsatisfactory. 


REPORT    ON    JUTE    AND     FLAX    EXPERIMENTS 
DURING    THE  PAST   YEAR. 

By  R.  S.  FINLOW,  b.sc, 
Fibre  Expert  to  the  Government  of  Eastern  Bengal  and  Assam. 

I. — JCTE. 

Cultivation  of  Pure  Cultures. — Up  to  the  commencement  of 
the  present  year,  the  mahi  portion  of  the  work  on  jute  was 
devoted  to  a  study  of  the  types  of  plant  which  are  cultivated 
for  the  production  of  fibre.  This  stage  of  the  work  may  now  be 
said  to  have  been  brought  to  a  conclusion  and  a  short  summary 
will  not  be  out  of  place.  It  is,  of  course,  well  known  that  there 
are  two  botanically  distinct  varieties  of  jute,  viz.,  C.  ccqDsularis 
and  C.  olitorius ;  but,  included  under  each  of  these  main  heads, 
are  a  large  number  of  races,  which  it  was  necessary  to  classify 
and  compare.  Extensive  tours,  made  throughout  the  jute- 
growing  districts  of  Bengal  and  Eastern  Bengal  by  Mr.  I.  H. 
Burkill,  the  Reporter  on  Economic  Products  to  the  Government 
of  India  and  by  the  writer,  showed  that  several  types  of  C. 
capsularis  each  of  which  is  generally  known  by  a  distinctive 
name  are  cultivated  in  each  district  and  the  result  of  this  pre- 
liminary enquiry  was  that  seed  of  over  one  hundred  races  or 
types  was  collected  and  sown  in  plots  at  Pusa.  It  was  found 
by  examination  of  these  plots,  that  the  seed  samples  of  many 
races  were  very  mixed  and  that  many  of  the  plots  contained  not 
one  but  several  types  of  plant.  The  races  had,  therefore,  first 
to  be  purified  by  selection  before  any  real  comparisons  could  be 
made  between  them.  This  portion  of  the  work  v/as  rendered 
easier  than  it  might  have  been  because  it  was  found  that,  in 
almost  every  case,  the  seed  of  each  type  of  plant  produces    plants 
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similar  to  the  parent.  This  is  due,  as  is  shown  below,  to  the  fact 
that  jute  in  the  jute  districts  is  normally  self-fertilised.  Xeverthe- 
less,  the  work  required  great  care  ;  because  it  was  found  that  tlie 
races  ditfernot  only  in  colour,  but  also  in  lime  of  maturing  ;  so  that 
a  plot  which  appears  quite  uniform  in  the  early  sUigos  of  growth 
might  ultimately  prove  to  be  composed  of  types  of  plant  which 
differ  considerably.  After  this  process  of  selection  had  been  carried 
through,  it  was  found  that  many  of  the  races,  although  passing 
under  different  names  in  different  districts,  were  to  all  intents  ami 
purposes  identical  and  the  number  of  distinct  types  was  ultimately 
reduced  in  this  way  to  about  15.  This  represents  the  end  of  the 
first  stage  of  the  work,  as  a  result  of  which  we  were  placed  in 
possession  of  fairly  pure  specimens  of  practically  all  the  races  of 
jute  in  Bengal. 

The  races    of    Corchorus  capsularis    present    three   distinct 
types  of  colour  of  stem,  viz.  : — 
(a)  Deep    red. 
(h)  Russet  red. 
(c)  Green — I  (with  green  fruits). 

II  (with  reddish  fruits). 

Under  each  colour-head,  there  are  early  and  late  maturing 
races.  It  has  been  noted  that  the  late  maturing  races  are 
generally  taller  than  the  early  maturing  ones  ;  so  that  the  former 
are  likely  to  produce  heavier  yields  of  fibre  than  the  latter.  All 
these  characteristics  are  hereditary  and  we  are  able  therefore,  in 
distributing  seed,  to  do  so  with  due  regard  to  the  conditions 
under  which  the  crop  is  to  be  grown. 

Side  by  side  with  this  field  work  an  investigation  of  the 
chemical  and  microscopical  characters  of  fibre  .sami)les  obtained 
from  each  of  the  respective  races  of  jute  is  being  carried  out, 
the  object  being  to  determine  whether  or  not  any  one  or  more 
of  the  races  could  be  distinguished  from  the  others  as  producing 
fibre  of  a  superior  quality.  The  natural  outcome  of  thi.s  portion 
of  the  work  should  be  the  elaboration  of  a  method  of  plant  to  plant 
selection  for  the  production  of  a  superior  race  of  jute.  Such 
methods,  as    is    well    known,    have  yielded   markedly   successful 
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results  in  the  case  of  crops  like  wheat,  sugarbeet,  etc.  The 
difficulties  which  confront  us  in  this  work,  however,  are  consider- 
able, partly  because  of  the  fact  that  the  fibre  which  we  wdsh  to 
examine  is  a  part  of  the  structure  of  the  plant.  It  is  obvious,  for 
instance,  that  if  the  plant  be  destroyed,  as  is  usual,  in  order  to  obtain 
its  fibre,  no  seed  could  be  obtained  to  sow^  in  case  the  examination 
of  the  fibre  indicated  superiority.  Such  a  difficulty  does  not  exist 
in  the  selection  of  cereals.  Another  difficulty  is  that,  as  far  as 
we  can  ascertain,  excepting  cotton,  the  selection  methods  for 
which  would  probably  not  t>.pply  in  this  case,  no  other  work  has 
hitherto  been  carried  out,  having  for  its  object  the  improvement 
of  a  fibre  crop  by  direct  selection.  The  progress  has,  therefore, 
necessarily  been  slow.  We  have,  how^ever,  noted  small  but 
distinct  differences,  both  chemical  and  microscopical  and  seed 
from  each  of  the  plants  examined,  the  respective  fibres  of  which 
have  shown  any  indication  of  superiority  has  been  sown  separately 
in  each  case.  An  examination  of  the  progeny  is  now  about  to 
take  place.  Whether  such  differences  as  these  are  intrinsic  in 
the  plant  or  whether  they  are  mere  accidents,  of  environment 
for  instance,  is  a  matter  which  only  further  observation  can 
decide.  It  remains  to  be  said  that  the  selection  w^ork  is  laborious, 
depending  largely  as  it  does  on  microscopical  measurements. 
An  indication  of  its  nature  may  be  gathered  from  the  fact 
that,  in  the  selection  of  about  30  plants,  it  was  necessarj^ 
last  year  to  make  something  like  one  hundred  thousand  actual 
measurements,  under  the  microscope,  of  the  tiny  ultimate 
filaments,  by  the  cohesion  of  which  the  long  strand  of  fibre  is 
produced. 

Cross -fertilization  Experiments. — The  first  of  these  interest- 
ing experiments,  commenced  in  1908,  have  now  advanced  as  far 
as  the  second  generation  of  the  hybrids.  They  were  designed  to 
throw  light  on  the  nature  of  the  origin  of  the  different  colour 
types  of  plant,  already  enumerated,  which  have  come  under  our 
notice.  It  is  not  necessar}'-  to  go  into  details  here,  but  it  may 
be  said  the  result  of  crossing  a  pure  green  race  of  jute  with  a 
deep  red  coloured  one  has  been  to  indicate  : — 
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(1)  That  the  colour  of  the  stem  in  jute  is  a  MeiKh.liaii 
characteristic. 

(2)  That   jute    is    nonnally    self'-lertihsetl  ;    so    thai    (n)    an 
improved  race  it*  introduced  wouKl  not  be    in    serious  dan<^er   of 
being   speedily    swamped    by    free    crossini:    with    inferior  rac-^ 
(6)  In  comparing  one  race  with  another,    it    is    not   necessiiry 
take  any  special  precautions  to  prevent  contamination  of  tlic   «  ii- 
race  with  the  other. 

It  may  be  possible  in  the  future  to  extend  this  work  in 
various  directions. 

Jute  in  the  Chittagong  District. — These  experiments  orig- 
inall}^  commenced  to  investigate  the  possibility  of  the  suc- 
cessful cultivation  of  jute  in  Chittagong  have  progressed  su  far 
as  to  show  that  excellent  jute  can  be  grown  on  high  land-  M-i' 
recent  experiments  have  been  devoted  to  utilising  the  low  rice 
lands  for  jute  in  the  period  between  the  reaping  of  the  one  paddy 
crop  and  the  planting  of  another.  Tn  1908  .sowing  in  April  was 
unsuccessful,  owing  to  the  water-logging  of  the  land.  This  year 
the  land  was  ploughed  in  early  January,  as  soon  as  |H»sible 
after  the  paddy  crop  had  been  reaped  and  sowing  also  took  pbice 
in  January.  The  crop  germinated  evenly  ami  looked  promising 
in  the  middle  of  April.  A  long  drought  followeil,  however,  and 
the  seed  being  that  of  an  early  race,  the  plants  ujatured  prema- 
turely ;  thus  spoiling  the  croj). 

It  is  proposed  to  repeat  the  experiments  next  season  with  a 
later  race  ;  the  experiments  are  not  very  costly  and  they  are  yield- 
in"-  useful  information  regardini;  the  habit  "f  tlx-  jute  plant  ; 
moreover,    a    successful   result    would  be    applicable    far   outside 

the  Chittagong  district. 

^om/xf?/.— In  1909  a  crop  of  jute  at  Belgaum  yielded  fibre 
at  the  rate  of  1,570  Ib.s.  (I'Jo  maunds)  per  acre  valued  at  Rs.  0 
per  maund.  The  expense  of  production  was,  however,  so  high  ns 
in  the  opinion  of  the  Deputy  Director  of  Agriculture  to  preclude 
the  possibility  of  growing  this  crop  at  a  profit  in  l^ombay. 

Central  P?ormces.— Jute  was  grown  successfully  with  irri- 
gation last  season  at  both    Raipur  (Chhattisgarh)and   at    Telin- 
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kheri  (Nagpur).  This  j^ear's  crops  are  also  satisfactory  and 
the  Deputy  Director  of  Agriculture  considers  that  there  is 
now  no  difficulty  in  producing  excellent  crops  of  jute  at  the  above 
experimental  farms.  It  is  interesting  to  note  that  Corchorus 
oUtorius  seems  to  thrive  better,  on  the  whole,  in  the  Central 
Provinces,  than  Corcho7ms  capsularis. 

Distribution  of  Seed. — During  the  present  season,  70  maunds 
of  jute  seed  have  been  sold  and  above  20  acres  have  been  put 
under  various  races  of  jute  on  the  Dacca  farm  for  the  production 
of  pure  seed  to  be  distributed  next  year. 

II.— Flax. 

Experiments  at  Dooriah. — This  crop  continues  to  be  culti- 
vated at  Dooriah,  Behar,  on  a  considerable  scale  ;  but  although 
nearly  40  acres  were  devoted  to  flax  in  the  rahi  season  of  1909- 
1910,  the  experimental  stage  can  hardly  yet  be  said  to  have  been 
passed.  Last 'year's  results,  while  indicating  that  the  lower  lands 
{dhandhar)  are  likely  to  prove  most  suitable,  owing  to  the  better 
supply  of  moisture,  also  tend  to  emphasise  the  necessity  for  high 
cultivation.  Such  lands  which  had  been  treated  with  indigo 
refuse  yielded  an  average  weight  of  nearly  54  maunds  of  excellent 
straw  per  acre.  On  the  other  hand,  from  similar  land  not  directly 
manured  rather  less  than  30  maunds  per  acre  was  obtained.  The 
straw  will  yield  fully  10  percent,  of  fibre  worth  £50  or  more  per 
ton  ;  so  that  the  gross  outturn  on  the  manured  plot  was  increased 
by  manuring  to  the  extent  of  nearly  Rs.  60  per  acre.  Such  a 
result  indicates  the  necessity  for  careful  investigation  of  the  ques- 
tion of  manures,  and  as  there  is  at  present  no  suitable  land  for  the 
purpose  on  the  Dacca  farm,  the  Inspector-General  of  Agriculture 
in  India  has  kindly  offered  facilities  at  Pusa  for  a  comprehensive 
series  of  experiments,  and  has  also  given  his  advice  in  the  draw- 
ing up  of  the  scheme. 

Experiments  at  Pusa. — The  main  object  of  the  experiments 
with  flax  at  Pusa  during  the  season  1909-10  was  to  obtain  in- 
formation regarding  the  yield  of  straw  to  be  expected  from 
average  good  soil  which  had  not  been  specially   heavily    manured 
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for  the  crop.  The  land  on  which  the  Lxpeinncuts  were  cariicd 
out  was  high  and  rather  Hght  in  texture  ;  hut  it  was  in  ;,'- ■  1 
condition  and  owing  to  the  abnormal  monsoon,  the  soil  moistur*' 
was  ftiirly  good  throughout.  A  vi.Id  of  nearly  51  maunds  of 
good  straw  was  obtained  from  one  and-a-halfacre-s,  representing  35 
maunds  per  acre.  Although  this  yield  is  satisfactory,  yet  the  crop 
showed  indications  of  distress  at  one  time  ami  the  conclusion  to 
be  drawn  is  that  in  an  ordinary  nujisture  year,  jjood  results  could 
not  be  expected  from  such  highland  unless  irrigati--"  ^»••'•<•  re- 
sorted to. 

Further  information  was  obtained  on  the  subject  oi  accli- 
matised seed,  which  indicates  that  new  seed  should  be  imported 
at  least  every  two  or  three  years  if  the  (piality  of  the  fibre  pro- 
duced is  to  be  kept  up.  As  flax  seed  im[)orted  from  Kurope 
costs  about  Rs.  15  to  Rs.  "JO  per  maund,  preliminary  trials  have 
been  commenced  in  some  of  the  cooler  hill  tracts  of  India  with 
a  view  to  investigating  the  possibility  of  surmounting  this  ditli 
culty.  As  might  be  expected,  no  definite  information  has  as  yet 
been  obtained  ;  it  is  necessary  first  to  ascertaili  the  })erioil  of  the 
year  which  is  most  suitable  to  the  growth  of  the  crop.  Definite 
trials  with  this  end  in  view  are  being  carried  out  in  tho  Shillong 
district  by  the  Deputy  Director  of  Agriculture,  and  seed  has 
also  been  sent  to  Kashmir  and  to    Ootacamund. 

J/<e  Importation  of  Flax  Seed  from  h'urope.  — In  bust  yearM 
report,  reference  was  made  to  the  fact  that  flax  s.  .-d  cannot  be 
imported  safely  into  India  during  the  hot  weather  and  the  rainy 
season,  unless  special  precautions  are  taken  to  dry  the  seed  before 
despatch  and  to  keep  it  from  absorbing  moisture  during  transit. 
Our  experience  has  been  that  no  special  precautions  are  necessary, 
if  the  seed  is  despatched  from  Europe  s(^  a-^  to  reach  India 
during  the  cold  weather  season.  The  total  cost  c^f  importation 
under  these  conditions  is  from  Rs.  15  to  Rs.  'JO  per  maund.  Tf. 
however,  the  seed  arrives  during  the  hot  weather,  or  in  the  rainy 
season,  it  is  necessary  to  dry  it  very  thoroughly  before  despatch- 
ing and  also  to  pack  it  in  hermetically  sealed  tin-hned  boxes; 
otherwise   the   seed  after  absorbing  moisture  ferments  to  such  an 
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extent  that  it  refuses  to  germinate  on  arrival.  A  large  consign- 
ment of  flax  seed  was  actually  imported  in  tin-lined  boxes  during 
the  rainy  season  a  year  ago  and  the  bulk  of  it  was  good  ;  but  its 
total  cost  approached  Rs.  30  per  maund.  Such  a  price  for  seed 
means  a  very  serious  increase  in  the  working  expenses  of  a  crop, 
the  seed  rate  for  which  is  over  one  and-a-half  maunds  per  acre. 

Flax  in  Assam.— M\\  H.  J.  Lawrie  of  Baihata,  Kamrup, 
made  a  preliminary  trial  with  flax  during  last  season,  but  al- 
thouo-h  the  straw  was  of  good  quality,  the  land  on  which  it  was 
crrown  was  too  high  and  the  lack  of  soil  moisture  afl'ected  the 
yield  adversely.  It  is  hoped  to  continue  the  experiments  this 
year  under  better  conditions. 

United  Provinces. — Last  season  an  excellent  crop  of  flax 
was  grown  under  irrigation  on  a  demonstration  plot  at  the 
Agricultural  College,  Cawnpore.  The  weight  of  straw,  the 
quality  of  which  w^as  very  good  indeed,  corresponded  to  40 
maunds  per  acre.  Further  trials  are  contemplated  for  the 
coming  season. 

Central  Provinces. — A  small  plot  of  flax  was  grown  last 
year  under  irrigation  at  Hoshangabad  and  produced  straw  of 
fair  quality.  It  is  proposed  this  year  to  carry  out  trials  on  the 
linseed  growing  lands  in  the  Jubbulpore  District  and  also  in  the 
Nagpur  District. 

Extraction  oj  Fibre  from  Desi  Linseed. — Several  attempts 
have  been  made  to  extract  fibre  from  the  stems  of  ordinary 
linseed  ;  but  although  linseed  and  flax  are  botanically  identical, 
the  two  plants  difter  so  greatly  in  their  natural  habits  that  very 
little  success  has  hitherto  been  met  with.  While  the  straw  of 
good  flax  is  smooth,  unbranched  and  flexible,  the  stem  of  ordinary 
linseed  is  generally  rough,  woody,  brittle  and  often  very  branched. 
The  fibre  which  can  be  extracted  from  such  stems  is  not  only 
very  small  in  quantity  ;  but  it  is  also  so  inferior  in  quality  as  to 
be  almost  worthless.  Last  year,  however,  one  crop  of  desi 
linseed  grown  on  heavilj^  manured  land  under  good  moisture 
conditions  showed  a  distinct  improvement  in  the  quality  of  the 
straw,  which  weighed  nearlj^  40  maunds  per  acre,  while  the    seed 
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obtained   approached    three    times    tlio  (jiuuitity  {uoduced  hy  tl»e 
imported  flax.     Tlie  experiments  will  he  rrpeatt'd. 

Concht ions  necessary  for  the  successjnt  Oulfivfttion  of  Flax 
The  following  points  in  connection    witli    the    c'ultivati(»n    of  tlax 
are    tentatively  regarded  as  havijiir  heon  elicited  I'mm  tlie  experi- 
ments so  far  carried  out  in  India. 

(1)  Land  selected  for  flax  should  contain  an  ahundant-.-  ..t 
moisture  both  at  the  time  of  sowing  and  thrijugiiout  the  peri'ul 
of  growth  of  the  crop.  If  these  conditions  cannoi  he  secured 
by  natural  means,  irrigation  may  be  substituted  without  detri- 
ment. 

(2)  Lands  of  the  lower  type  such  as  Dltnndhar  are  eminently 
suitable,  both  on  account  of  the  nature  of  their  soils  and  also 
because  the  moisture  supply  is  less  likely  to  be  precarious.  There 
is,  how^ever,  no  doubt  that  flax  will  do  well  in  high  lands  of  good 
quality,  provided  the  texture  is  not  too  light  and  that  a  sufHeiency 
of  moisture  is  secured. 

(3)  Sowing  can  usually  be  done  successfully  between  October 
20th  and  November  13th. 

It  would  appear  that  the  crop  recjuires  naighly  100  days 
to  mature  ;  so  that  reaping  would  take  place  from  about  the 
beo-inning  of  February  to  the  beginning  of  March  according  to 
the  date  of  sowing. 


NOTES. 


The  Copper  Blight  of  Tea. — This  disease  was  found  re- 
cently on  dried  leaves  from  the  Dooars  and  is  probably  identical 
with  a  blight  previously  observed  in  Assam.  The  first  symptom 
is  the  appearance  of  a  small  copper-coloured  spot  on  the  upper 
surface  of  the  leaf,  this  spot  is  irregular  in  shape  and  the  margin 
is  not  very  clearly  defined,  the  copper  colour  gradually  passing 
into  the  green  of  the  leaf  The  surface  of  the  discoloured 
patch  is  covered  with  very  minute  black  spots,  which  on 
microscopic  examination  prove  to  be  areas  in  which  the 
peripheral  leaf  tissue  has  disintegrated,  leaving  a  small  crater- 
like depression.  In  later  stages  the  discoloration  extends 
right  through  the  leaf  appearing  as  a  yellowish  brown  patch 
on  the  under  surface,  at  the  same  time  the  copper-coloured  area 
on  the  upper  surface  takes  on  a  grayish  colour  while  the  margin 
of  the  patch  becomes  sharply  defined.  The  diseased  portion 
of  the  leaf  is  now  very  brittle  and  is  often  traversed  by 
numerous  cracks. 

Detailed  examination  showed  that  the  black  spots  in  the 
younger  stages  were  due  to  the  presence  of  the  pycnidia,  or 
spore-cases,  of  a  fungus,  situated  just  below  the  epidermis  of 
the  leaf  They  are  rounded  structures  with  a  very  minute 
aperture  at  the  apex,  and  consist  of  a  black  outer  wall  of  fungal 
tissue  enclosing  a  central  cavity  filled  with  spores.  When 
mature  the  upper  portion  of  the  wall  of  the  pycnidium  together 
with  the  leaf  tissue  immediately  covering  it  is  thrown  off,  leaving 
the  lower  portion  as  a  crater-shaped  cavity  full  of  spores.  The 
pycnospores  are  oval  hyaline  structures,  each  surrounded  by  a 
mucilaginous  outer  coat  and  with  a  mucilaginous  tail  developed 
at  one   end.     In   the   older  grayish  stages  of  the  disease  another 
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type  of  spore-protluciiior  organ  was  found  associated  with  the  pyc- 
nidia  described  above.  Tli is  second  fructification  or  perithecium 
is  the  fruiting  stage  of  the  Ascomycetous  fungus  husladia 
Theae  Racib,  wliich  has  previously  been  described  as  causing  a 
leaf  disease  of  tea  in  Java.  Both  a  pycnidial  and  a  pcrithecial 
fructification  essentially  similar  to  the  above  have  also  been 
described  as  belonging  to  another  species  of  Lufstadia  (A.  V'xccinii 
Shear),  which  causes  the  scald  of  Cranberries.  The  connection 
between  the  pycnidial  and  perithecial  stages  is  not  in  this  . 
absolutely  established,  but  there  is  at  least  a  strong  probability 
that  they  are  simply  ditierent  stages  of  one  and  the  same  fungus. 

Thus  in  the  only  other  case  known  in  which  pycnidia  witli 
the  characters  described  above  occurred,  they  were  associated 
w  ith  perithecia  of  Laestadia.  The  presumption  is  as  strong  as 
it  can  be  in  the  absence  of  adequate  cultural  experiments  that 
the  disease  which  we  have  called  "  Copper  blight  "  is  due  to  the 
presence  of  the  fungus  Zaes^oc/i«  Jlieae  Racib  at  first  in  the 
pycnidial  and  later  in  the  ascigerous  stage. 

The  blight  is  described  as  spreading  w  ith  extreme  rapidity  ; 
at  present  it  attacks  merely  the  older  leaves,  probably  the  rapid 
spread  takes  place  in  the  p3'cnidial  stage  when  large  numbers  of 
spores  are  produced.  Plucking  of!*  and  burning  the  diseased 
leaves  would  decrease  the  spore  production  and  lessen  the  chance 
of  infection,  but  this  may  not  be  practicable.  S|»iaying  with 
Bordeaux  mixture  has  been  used  with  success  in  the  ca.se  of 
Cranberry  scald  and  particularly  in  the  ca.se  of  Jilack  Rot  of 
Grapes,  a  disease  due  to  another  species  of  Laestadia.  it  might 
be  beneficial  here.  In  the  case  of  the  Java  outbreak  the  disease 
does  not  appear  to  have  caused  sufficient  damage  to  necessitate 
preventive  measures.  In  Assam  there  seems  to  be  some  con- 
nection between  the  climatic  conditions  and  the  occurrence  of  the 
disease,  warm  sunshine  after  heavy  rain,  such  as  occurs  in  April, 
being  followed  by  the  appearance  of  the  blight.  In  this  con- 
nection it  is  interesting  to  notice  that  the  allied  disea-'  Hiar-k 
Rot  of  Grapes  is  known  to  be  closely  rlependent  on  weather 
conditions.— (F.  J.  F.  Shaw). 
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An  Aguiccltural  School  in  Sind. — A  step  in  advance  has 
been  made  in  Sind  by  the  proposal  to  establish  an  agricultural 
school  for  young  men  between  16  and  21  years  of  age  of  the 
cultivating  class.  The  purpose  of  the  school  may  be  best  learnt 
by  the  following  extract  from  a  letter  of  the  Director  of 
Agriculture,  Bombay,  published  in  a  Resokition  of  the  Govern- 
ment of  Bombay  : — 

"  I  have  the  lionour  to  forwaid  copies  of  No.  4345  of  8bh  Novem\)er  1909, 
from  the  Commissioner  in  Sind  to  this  office,  witli  accompaniments,  No.  C-112  of 
10th  January  1910,  from  this  office  to  the  Commissioner  in  Sind,  and  No.  760  of 
7th  March  19  lO,  from  the  Commissioner  in  Sind  to  this  office. 

"  2.  From  this  correspondence  it  will  be  seen  that  there  is  a  proposal  to 
start  an  Agricultural  School  in  Sind  for  younj^  men  of  the  cultivating  classes,  the 
circumstances  which  led  to  the  proposal  being  made  will  be  appreciated  and  the 
character  of  the  proposed  school  understood. 

"  3.  In  this  connection  T  may  mention  what  is  being  done  in  the  Presidency 
proper  in  the  way  of  agricultural  education. 

"We  now  have  — 

(a)  A  three  years'  degree  course  at  the  College. 

(b)  A  one  year's  practical  course  in  English  given  at  the  Agricultural  College 
to  young  men  who  wish  for  such  instruction  to  fib  themselves  for  cultivating  their 
own  lands. 

(c)  A  two  years'  vernacular  course  at  the  school  just  commencing  work  in 
Poona  for  the  sons  ol  patcls  and  substantial  landholders,  limited  to  boys  of  about 
14 — 15  3'^ears  of  age  who  have  passed  their  4th  vernacular  standard.  At  this  school 
in  addition  to  the  agricultural  instruction  some  instruction  in  reading,  writing 
and  arithmetic  will  be  given. 

{d)  Short  courses  on  the  farm.  These  are  given  in  particular  subjects  (e.g., 
seed  selection)  at  the  season  which  suits.  It  is  now  proposed  to  systematise  these 
short  courses  and  advertise  them. 

"4.  The  proposed  school  for  Sind  will  be  something  between  (6)  and  (c) 
mentioned  above.  The  course  will  be  given  in  the  vernacular,  will  last  18  months 
and  will  be  essentially  agricultural  ;  it  will  be  mainly  practical,  but  will  include 
sufficient  theory  to  enable  the  boys  to  understand  the  practice  taught.  The  age 
of  the  students  selected  will  probably  be  about  IG  to  21  ;  and  the  students  will  be 
selected  from  the  land-holding  and  cultivating  classes.  It  is  expected  that  the 
students  will  be  fitted — 

(1)  to  improve  the  cultivation  of  their  own  lands  ; 

(2)  to  manage  estates  for  zemindars  ; 

(3)  to  serve  in  the  Agricultural  Department. 
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"5.     If    the  school    is  started  on  a  niodext  Hcale  for  (wRy)  eiglit  wtudentN,  Uia 
probable  expenditure  would  probably  be  ah  follows  : — 

Initial. 

it*. 

1.  Buildings        ...  ...  ...  ...     5,000 

2.  Live  and  dead  stock  ...  ,^  ...     I,000 

Toti!  ■     '^■ 

1.     Pay  of  master  .  ...  .  :0 

2      Subsistence  for  eight  boys  at  Bo.  10    per  menRem       960 

3.  Mi-scellaneous  ...  ...  ...       320 


2,000 


"6.  As  the  school  expanded  fresh  quarters  would  be  required,  the  pay  of 
the  master  would  increase,  and  the  addition  of  a  second  master  would  be 
necessary  ;  but  it  is  possible  that  some  of  the  Ix)cal  Boards  mi^ht  be  willing  to 
finance  students  of  their  ovn  selection,  which  would  save  further  exp^-ndifure  in 
that  direction.  It  is  also  possible  that  some  students  might  l)e  found  who  did 
not  require  maintenance  allowance. 

"7.  There  are  no  surplus  funds  at  my  disposal  v\hich  will  enable  mo  to  Htart 
such  a  school  this  year ;  but  if  Government  approve  of  the  idea  a  syllabi; 
instruction  will  be  prepared,  an  agricultural  graduate  put  into  training  for  tin- 
post  of  master,  and  provision  will  be  made  for  the  school  in  the  budget  prop(»salH 
of  this  Department  next  submitted.  The  school  could  in  that  case  be  started 
in  April  next,  or  at  an  earlier  date  if  the  jnoney  can  be  provided  by  Government 
in  the  meantime." 

*'  JifiSohi.tio7i. — The    propcsal    to    nt-wt    hm    Ag'-icuiuiiiii  Miii"i  m  .>iii'i  1-  ;tp 
proved.     The  Director  of  Agriculture  should  lie  requested  to  make    the    requisitr 
provision    in    the  budget  estimates  for  1911-12.     The  provision  should  be  subject 
to  reconsideration  when  the  budget  is  setf'-'l.  nnd  sIk.hIiI  In-  (if<.it<.i  ii^  oritionfil." 

It  is  to  the  credit  of  the  Boinhnv  Air''i<-'nlt'iial  I  )»'|».ii  tm«iit 
that  it  has  the  eourafje  thus  to  face  circuinstaDces  and  (ov^'o  the 
links  that  are  missingr  in  the  chain  which  lias  to  connect  the 
Provincial  Agricultural  Colleo^es  witli  tho  t-tdtivating  cla- 
We  want  more  of  these  schools  all  over  India  to  make  feeders 
for  our  colleges. — (Editor.) 

The    Castillo.v    Sc.xle-Buo    \si>  its    DA.Ntitu   i<>  Tea. — In 
the  August   issue    of   the    Tropical   Agriculturist,    Mr.    Ernest 
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Green,  Entomologist  to  the  Ceylon  Government,  has  an  inter- 
esting and  informing  note  on  his  discovery  of  a  new  scale-bug 
flnglisia  sp.J,  infesting  the  Castilloa  rubber  tree.  The  matter 
is  of  importance  not  only  to  growers  of  the  Castilloa  elastica,  but 
to  tea  planters  who  have  Castilloa  in  or  near  their  plantations  or 
are  contemplating  laying  down  this  variety  of  rubber,  for  the 
|)est  appears  to  as  easily  infest  tea  bushes  as  the  rubber  plant. 
On  a  visit  very  recently  paid  by  Mr.  Green  to  a  five-acre  clearing 
of  71  year  old  Castilloa  trees,  he  found  they  were  completely 
overrun  by  the  bug  and  that  not  a  single  tree  has  escaped 
infection. 

Mr.  Green  states  that  the  original  source  of  infection 
remains  undiscovered  and  that  it  is  improbable  that  it  could 
have  been  imported  with  living  Castilloa  plants.  It  is  a 
new  and  hitherto  undescribed  species  of  scale-bug  and — as 
far  as  is  known — this  is  the  only  locality  in  which  it  has 
a])peared. 

It  would  seem  that  it  is  a  much  more  serious  matter  for  the 
tea  plant  than  for  Castilloa,  for  the  latter  has  not  been  found 
very  profitable  in  Ceylon,  and  it  would  appear  advisable  to  sacri- 
fice it  for  the  sake  of  the  tea.  If  the  pest  is  allowed  to  establish 
itself,  Mr.  Green  opines,  it  will  prove  a  very  dangerous  enemy 
to  the  tea  plant.  —  (Editor.) 

*      * 

The  Automatic  Water-Finder. — This  is  a  simple  appa- 
ratus supplied  by  Messrs.  Mansfield  and  Co.,  of  Liverpool,  by 
which  any  unskilled  person  may  readily  ascertain  whether  a  sub- 
terranean spring  of  water  exists  under  a  spot  where  it  is 
desired  to  sink  a  well.  It  indicates  the  presence  of  subterranean 
fiowing  springs  at  depths  up  to  1,000  feet. 

To  quote  from  the  makers'  prospectus,  "the  principle  on 
which  the  instrument  works  is  the  measuring  of  the  strength 
of  the  electrical  currents  which  are  constantly  flowing  between 
earth  and  atmosphere,  and  which  are  always  strongest  in  the 
vicinity  of  subterranean  water-courses,  the  flowing  waters  of 
which   are    charged  with  electricity  to  a  certain  degree.     Should 
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a   subtcrnuiean   spring    be    pn-eiit    under    where  the  instruiueiit 
has  been  tixetl.  the  needle  cuininences  to  move. 


♦  •  ♦ 


If  the  needle  remains  stationary,  it  may  be  taken  tor  ^'ranted 
that  a  subterranean  spring  doe^s  not  exist  und-r  the  spot  where 
the  instrument  is  fixed." 

The    instrument   has  been  tiieu  u;>   u.v  ii-mbay  Department 
of  Acrriculture    in   the  trap   areas  of  .  the  Deccan.   wliere    under- 
ground  streams    traverse  the  country  in  various  directions.      -M> 
H.    K.   Mehta,    m.a.,   b.sc,  of  the    Poona   Agricultural    College, 
was    specially    put    on    to    this    work,    and    in    linlletin    No.   38 
of  1910  of  the   Department  of  Agriculture,   Bombay  Presidency, 
will  be  found  a  detailed  account  of  his  investigations,   during  the 
first  five  months  of  1910.   Dr.  H.  ^tann  in  a  preface    states    that 
''the    results    so    far  obtained,  though  not  ab.solutely  conclusive, 
indicate  an    almost    certain    success.      Where    wells    have    failed 
no    indication    has  ever  been  found  :  where  successful  wells  exist, 
indications    are    always    found:    where    continuous    underground 
streams  are,     for    other    reasons,   supposed  to  exist,    the  instru- 
ment     confirms    their    presence  :     and    where    a    stream    passes 
near   a  well  so  that  percolation   may  be  presumed  to  take  place, 
that    percolation     is    actually   found."     Dr.   ^lann   is    careful    to 
warn    us    that    complete  proof  must  still  be  awaited,  but    still 
Mr.   Mehta's   experiments  would  seem  to  justify  the   statement 
that  we  have  come    to  within   measurable  distance    ..f  a   water- 
finder,  whose    construction     and    action    are    ba.sed    uu    scientific 
principles.     There  are,  however,   certain  difficulties   in  the   way, 
such    as    expense  and    delicacy  in    the    instrument   for    details  .,f 
which  the  reader  is  referred  to  the  Bulletin.-{Ei.iToK.) 


•  • 


How     SUOABCANDY    IS     MADt    IN      SlNI-.-llI    a     lai^je     iloll     pilt. 

(Kadhai),  is  placed  about  20  lbs.  ..C  sugar  aiul  t..  it  is  aikled 
10  lbs  of  water.  The  pan  i.s  placed  on  the  file  and  all  the  sus- 
pended impurities  are  re.noved.  Just  before  boiliny  halt  a  pound 
of  milk  is  added  to  help  the  separation  of  dirt  and  other  nnpur- 
ties,  which  are   removed  as  soon   as    they  come  to  the  surface. 
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Wlien  the  svrup  becomes  clear,  the  fire  is  increased  gradually  and 
it  is  boiled  till  it  gets  to  a  particular  consistency  which  can 
be  easily  recog'nised  when  once  seen.  Then  an  earthen  vessel, 
bio-  enouoh  to  contain  this  syrup  and  M'hich  has  been  kept 
in  water  for  three  days,  is  taken  and  on  its  mouth  reed  or 
bamboo  splints  are  spread  horizontally  and  parallel  to  one 
another.  From  these,  threads  are  hung,  the  other  ends  of 
which  are  secured  to  the  bottom  of  the  vessel  by  paste  made 
from  wheat  or  rice  flour.  The  syrup  is  poured  into  this  vessel 
and  kept  till  the  crystals  form.  It  takes  about  3  to  6  daj^s 
according  as  the  temperature  of  the  localit}^  is  high  or  low. 
After  this  period,  the  uncr3'Stallisable  liquid  is  removed  and  the 
vessel  is  kept  in  the  sun  for  a  short  time.  When  dry,  the  pot 
is  broken  and  a  lage  lump  of  crystallised  sugar  is  taken  out. 
The  strings  serve  as  aids  round  which  the  crystals  first  aggre- 
gate.  (G.  S.   KULKARNI.) 


* 

*  * 


Potato  Disease  on  the  Nilgiris. — Owing  to  a  serious  out- 
break of  potato  disease  in  the  Nilgiris,  Mr,  W.  McRae,  m.a.,  b.sc, 
Mycologist  to  the  Government  of  Madras,  was  deputed  to  make 
an  investigation  of  the  same  and  advise  as  to  its  treatment.  The 
following  extract  from  his  recent  report  will  be  of  interest  : — 

'•  For  a  considerable  number  of  years  disease  has  been  prevalent  in  the 
potato  crop  in  the  Nilgiris.  The  cultivators  know  the  diseases  quite  well  !>ut, 
being  ignorant  of  the  cause  and  the  method  of  spread,  exercise  only  the  ciudesi 
methods  of  avoiding  them.  Hitherto  only  two  potato  diseases  have  been  reported 
from  this  district — 

(1)  Irish  Blight. 

(2)  Bangle  Blight,  otherwise  ring  disease  or  bangadi. 

Tn  the  month  of  May  in  Ootacamund,  there  was  no  sign  of  the  former 
disease  though  much  of  the  latter.  This  is  not  anomalous,  as  Irish  Blight  is  a 
late  blight  and  the  crop  was  in  the  early  part  of  its  season.  Another  Blight 
was  also  common.  It  is  identical  with  the  American  (3)  Early  Blight  and  has 
hitherto  been  reported  in  India  only  from  the  United  Provinces.  Like  Irish 
Bliarht,  it  attacks  the  leaves  and  the  two  have  been  confuted  since  more  than  one 
European  showed  it  to  me  as  Irish  l>light.  It  is  more  common  at  this  time  of 
year  than  Bangle  Blight. 
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Occnrren..  of  tk.  tKr..  BH^^U  -Innl.  B.i«ht  occu..  in   n.aHy    .very  ...... 

.:.,„  l.ave  iH-en    in    the    Nitsirin    for    '"""> 

where  poUtoes  are  growuig.  ,  •.     i^^«  .^^nsulerablp 

ve„s.     E.r,y  HliyU  U  ».U  Wnown  m  Nor,h  A,,.„ic.  w  .«  -t   >-        -"^  "  ' 

tho  United  ProviiicM  HI  1903.     lliib  >s '"'  It  wo,    rPDOttwi 

:„    t„:  Ni,«i,U  L  1.92  >.,  Cape;.     U  oc.«.  aUo  i„  ...d..    ";  «-^^^,,f "«'' 
,.,.d  Mysce      U  i»  known  in  Earope,  A,neao..  Aas».U.  »..d  N."  /...!«<'. 

.Vv"om..-A  .ho,.t  note  on  t.,e   .,n,ptom,    «iU    no,    be   Biven-(n     

"i:;"Ei,"B;;::u::::^:::itr::rand ...„,. ....... .. - 

,a,onl;\.e:;..feU.e%o„n,.u.e.   a.e   W,„...i...   .0  r„ ■     O;";,^  ;::-,;■    ^ 

,i,h.b.o,n..pots  with  we.l.d.ftned  edge,  app...  «■"'    ^J    '  ^  'j^^        '    ;.  „,  .„. 
...d   deepen   in   coloa,-.     Faint  conce,.t,.o  l,ne,  ma.k  ti.e  «uc.....«e      g 

ot.       .d    ti,is   i.,  a  n,a,.k   easily  di^ti,,g«is..ing  Ea..,   Bii,..-.  ..o.n    -M^  «>- 
I  „,ic.,  t„e  spots  a,.e  not  so  ^a.ked  a.,d  ti.e  edges  oC  th. .p..t  a,    n     J        " 
,lea.,ed      Tliese   spots,    too,    become    ratl.e.-   brittle  a..d  d.5,  ...stead  ot 
ilenneu.     in          r      ,                           The  soots   onxlaa  y    sp.ead   over    .be    le»t 
to„l.s,nellingas.ntheIr.sh  ^l^^^'^^^^^l  ,   ;„„„,.     Ul.i .ely 

i  ^^  till  tlift    pjivea    succumb.      i"«    seems    luu    iii<»j  r 

suiface  till  tiie  iea\ea    ouv,v.w  inhHis   were 

,„e  »l.o,e  sboot  perishes.     No  signs  of  the  disease  gettn.,  _^^^^ 

„„,eed.     ^Vhat  seen3S  to  befall  then,  ,s  that    "«>•■';  »,    „^,         ,^,„, 
„„U„rity,  because  the  serial  shoot  is  weakened  and  Wled 

,„o„gh  good  material  for  the  development  o    the  tnbers  ^^^^^   ^^^^^^^^^    ^^^ 

(3)  H.n,    ^'^^^'--^VrC:,.  A».       ltu.al    .>pa.....e..t.      ...ai>idu„l 
Coleman  in  Bulletin  No.  1  of  the  My»o  e  A  ...ddcly.     On 

„ants  and  little  groups  of  plat.ts  ^^ ^'^^::l^,  aa.k,    discoloured 
aigging   up  a,.d  slic...g  the  tube  s  of  '        "^^^^    ^  ,,,    .  ;„  „„  ,.,i„„  of    .he 

spots   may    be  seen  '°--S -'"^  ^"^  "  "       '';„L.  „f  the  stem  shows  a Ur 

vascular    bn.idle   ring.     A   sect.on   -™     ^''^J       ^...^.a,,,  ,„u,  and  adjace... 
discolouratio...     Under  the   m.croscope,  the  w         c  „  ^^^^  _^^^  ^^_^^^ 

oells  are  seen  to  be  filled   ^^^^^1^:^.  t^  the  g.een  leaves  which  i,„.ne 

^.,^tina  tubes  find  cut  on  the  suppi>  '^•^  ^ 

rlrZo    a,.dhangdown,io,tascutB,,we,.sdo,if^,o,.^^^^^^^^^^^  

.„.„.,.  -A..y  Ueatment  th.  ...^  -;;--:;;:-  J^  ,     ,„  other 
ou.a.ive.     When  once  a  pla,  t  1,^  bee  ^_^^^^^^  l__  ^  _  „-„at.n.ot 

..untries  potatoes  have  proved  to  be  one  of  the  c.^^^P^^^^^^^  ^^^^  ^^„^^   „ 

,or  disease.     ,n   all  ^^"^ ^Z:'::^  ^L  is'seL.-      For  two   of  th. 
routine   operat.o..   .n    those    <••»'■'"  y,;  ,,.  „„a   Earl,    Bliaht),  sp-y- 

dise,vses  reported  to  occur  .n  the  N.lg.r.        _  »  ^     1,^^  i,  i,  „f 

„„hasl.enfoundmostemcac,„as  th  ortle^     ^^^^^^^  ^^^  ^^^^  ^  ^^^  ^__^^.^, 

Qouse.     Bordeaux  m.xtute  (1-4  ^O)  apphei, 
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high,  i.e  ,  just  before  Early  Blight  is  expected  to  appear,  and  repeated  at  intervals 
of  a  fortnight  till  five  or  six  treatments  have  been  given,  is  the  fungicide  most 
useful.  This  treatment  would  be  applicable  for  the  second  or  autumn  crop,  but 
for  the  first  or  monsoon  crop,  I  am  doubtful.  In  the  latter  case,  the  first  appli. 
cation  would  be  given  early  in  May  and  the  others  successively  till  the  end  of 
July.  The  character  of  the  monsoon  rains  would  probably  render  spraying 
useless  by  washing  off  the  spray  from  the  leaves.  It  is  not  expected  that  spraying 
will  be  introduced  among  cultivators  now.  Some  of  the  European  cultivators 
whose  crops  are  badly  diseased  would  find  it  worth  their  while  to  spray.  Later 
on  the  smaller  growers  might  take  to  spraying  when  they  saw  it  paid.  A  simpler 
type  of  sprayer  than  those  of  the  market  at  present  might  be  evolved  suitable 
for  the  work. 

Field  Sanitation. — Collecting  and  burning  all  stalks  and  leaves  and  carefully 
removing  all  small  or  rotten  potatoes  from  a  diseased  field,  so  as  to  avoid  their 
rotting  on  the  ground  and  carrying  on  infection  from  one  crop  to  another  is  a 
sine  qua  non  before  the  slightest  improvement  can  be  expected.  Now  the 
cultivators  leave  the  vines  and  the  bad  tubers  on  the  ground  to  decay,  because 
they  do  not  understand  how  the  disease  is  carried.  Unless  this  is  thoroughly 
attended  to,  it  is  useless  to  do  anything  to  combat  disease. 

Seed. — Diseased  tubers  should  not  be  utilised  for  seed.  It  is  not  alwavs 
possible  to  tell  by  the  naked  eye  whether  a  tuber  is  diseased  or  not,  hence  seed 
should  never  be  taken  from  the  produce  of  a  diseased  field. 

Rotation. — The  expense  of  enclosing  the  ground  is  so  considerable  and  the 
crop  is  so  profitable  that  it  is  grown  in  both  seasons  year  after  year  in  t  lie 
.same  land  and  the  unwillingness  of  the  cultivator  to  rotate  it  with  less  valuable 
produce,  even  when  disease  is  severe,  is  one  of  the  chief  difficulties  to  be  met. 
Such  a  practice  is  bound  to  break  down  the  constitution  of  the  potato  and  to 
produce  a  weak  crop  susceptible  to  disease.  If  Bangle  Blight  has  been  severe 
on  a  field,  the  ground  should  have  a  rest  from  bearing  potatoes  for  at  least 
one  year,  and  perhaps  more  may  be  necessary,  as  the  bacteria  live  in  the  soil 
certainly  for  one  year.  Oats  and  barley  are  grown  to  some  extent  in  the  hills 
and  though  not  bringing  the  return  of  a  potato  crop  are  still  valuable  enough  to 
form  a  rotation  crop  with  it. 

Ifew  Seed. — The  importation  of  new  varieties  should  be  encouraged.  At  the 
present  time,  however,  potatoes  from  Europe  ought  to  be  treated  with  suspicion 
liecause  of  the  wart  disease  (Chrysophylictis  endobiotica)  which,  during  the  lasi 
few  years,  has  spread  rapidly  over  England  and  tlie  Continent  of  Europe  and  has 
reached  Newfoundland.  The  Australian  Colonies  and  New  Zealand  are  suitable 
places  from  which  to  get  new  seed  and  a  guarantee  may  be  had  with  the  seed 
stating  that  it  is  free  from  disease.  Mr.  G.  Oakes  last  year  introduced  thref 
such  varieties  from  New  South  Wales.  They  were  guaranteed  disease-free  and 
on  testing  in  new  soil  proved  to  be  so.  Now  they  want  to  be  tested  for  disease- 
resistant  quality. 
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f  i«'tv     it    »<>     flopiaii    uie». 

/)i«.a«*-rwi«'«»M'    ran«<i^.-«-    ^   '**''**'*^!,7evoUo'd' by   cuuliuuous   selecUon 

A  more  or  less  disea^oresistaul  variety  may  ^.^^j^.i,,  ,„a  the  best 

of  varieties    grown    iu    ^  ^^-^^^  ^^^*^'^>^\^j;",,jy.a.oa.oa  land,  they  .ouM 
of  the  varieties  now  in  the  district  were  grown  ubaaiy  ^^  ^^^^    ^^^ 

.e    found    to    differ    greaUy    ^"  ^"^^^  ttLon  .-d    u.d    a.    «eed    fo. 
disease-free  phmts  would  be  caref uU>  selected  e  ^^^^^^^   ^^^^^^^^ 

the   succeeding   seaaoii.     11»s    P'O'*'  , ,  1^  n„8,ibk  by  .electiuu  in  ll"«   «»> 

p,.„n,  one  or  more  of  these  -'"-^ '^^^ll^tuL  h»,  h.en  ..oinK  On- 
to evolve  .  potato  ''-' "^  ^^  ^/^  "  ;,,,  hU  expone-e  .il.Wlp  u. 
tor  some  time  in  Bangalore  »ga>n,t  B""?  »  ^''8^  ^_^^^.    ,    ___^y    „„, 

It  has  been  found  that  a  variety  res.s  ant  ^■"'^'  "^  aUeas..re,i,t.nt 

„.o.  that  --'-;'»-;t:i  tei-i:  i  c ;-  N-'«-'-  ^^  -  --" 

varieties  will  have  to  be  "  '";;"l^^r,„,,„,,i„„  ..  hence,  constant  attention 
tance  in  a  potato  occurs  »  '-  « jjj  ^^„;^.^^.„„  „„,  „„  .eed  ,hould  be 
''«<.--V°Tt"rT  re  "  n  °m.ial  mean,  o.  doing  this  in  the  Nilj... 
rrt;;—  rin  and  >.,  «.  0,.es  and  a  fe»  other,  are  .ntereste., 

::::-.. . . ... ...  ^  ^^^^^^^ :-- _ „g  ..atoe 

There   is    no   doubt    that    tne    p  ^^  j^^^  ^,^^     .p^p„, 

i„  the  Nilgiris  and  keeping  it  under  -";:';:,!:!;::  thJ  introduction  of  ,lise.,. 
,,stem   of  cultivation,    everjthmg   is   d„  ^^^^^^^^^    ^^    ^^^^    ^^_  .^^^^.^_, 

,„d  to  foster  it,  once  it  has  come.     ^^' ^^JJ     -  „„,  ,     the  propagation 

.„a    the  choice  of  seed  by  the  -"-  ^       J    .^      ^  ,,,,.,,  overcon.e. 
of  resistant  varieties,  the  losses  due  to  disease       y 

^°- tLZ;  the  common  diseases  to  be  guarded  against  •._ 

Irish  Blight 
Early  Blight. 

Bangle  Blight.  diseased  tubers  should  not  be  used 

,,)  Contaminated   seed  is  be.ng  used       "  ,  aiseased  field. 

..  Jed   and  seed  should  not  be  taken  "^Xl^^oL.e  san.e  field.     Uota,- 

(3)  IVo   potato   crops   are  grown  year  »""  ^  ■■:  ,„,„^t„,,. 

„.,hUts  or  barley  or  any  other  crop,  ^^  ^    -'  '„  ,,,,  „  .he  ground  to 

WTlie    vines   --'' ^ '-"  ^"'' ^""H^,!  be  carefully  lifted    and    no 
,„,y  on  disease  from  season  '<>  -son.     Crop    ^^^^^^  __,^^^_^^  ^^^^^^^^  ^^^„,,  ,„ 

tubers    left    in    the    ground.     The    Moes 

carefully  collected  and  burned.  ^,.^,,„  ,;,„  i„  the 

(5)  The    bacterrum   -us.^g   on  t  ^^    ^^^^_^^^  ._^  ^   ^^,_,^    ,.^,,    „,, 

,oil  for  more  than  one  year.     ^'«"    "'  .      ,„j„ti„g. 

,„i,  for  at  least  one  year  by  leaving  .tlloj  or    y  ^^^^     ^^^.^^.^^   ^^^^„    ,^ 

(e,  Disease    ''  f-- :":^    "s  go».  ii^.i"  «'-'>    "•    "'-   "'-'^••' 
introduced  and  tested.      ihe>e, 
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sliould  be  selected  and  those  that  prove  to  be  resistant,  put  on  the  market.  This 
^liou  Id  go  on  continuously  so  as  always  to-have  a  new  variety  coming  on,  when 
I  he  disesae-resistant  powers  of  those  on  the  market  break  down." 


FiBRK  C0NORE.SS  AND  Exhibition  in  Java. — In  July  1911 
under  the  auspices  of  the  Netherlands  Indian  Agricultural  Asso- 
ciation, and  assisted  and  patronised  by  the  Dutch  Government,  a 
Fibre  Congress  and  Exhibition  will  be  held  at  Sourabaya  in  Java. 
The  aims  of  the  Congress  and  Exhibition  are  : — to  further  the 
cultivation  of  fibre  plants  in  the  tropics,  to  advise  planters 
regarding  their  culture,  to  discuss  points  on  which  there  is  now 
difterence  of  opinion,  to  attain  uniformity  in  naethods  of  produc- 
tion and  in  products,  and  to  arrive  at  a  proper  insight  as  to  the 
value  of  cultivating  fibre  plants  both  on  a  large  and  a  small  scale. 
The  consideration  of  cotton,  it  is  reported,  will  be  excluded. 

The  Congress  and  the  Exhibition  will  be  opened  on  the 
3rd  July  1911,  by  the  President  of  the  Netherlands  Indian 
Aofricultural  Association  and  will  be  closed  on  the  8th  idem. 
The  second  day  will  be  devoted  to  discussing  the  cultivation  and 
preparation  of  the  Agave  fibres,  especially  sisal  hemp,  and  the 
third,  to  Manila  hemp  and  jute  and  the  substitutes  for  the  latter. 
On  the  4th  da}^  the  cultivation  and  preparation  of  Kapok  and 
pine-apple  fibres  will  be  discussed.  On  the  5th  day  the  trials  of 
fibre  extracting  machines  will  be  held,  to  give  the  visitors  and 
planters  an  opportunity  of  judging  their  merits.  The  sixth  and 
the  last  day  will  be  devoted  to  the  discussion  of  points  relative 
to  the  productiveness  of  the  cultivation  of  fibre  plants,  the 
presentation  of  diplonias,  etc. 

The  Congress  and  the  Exhibition  ought  to  prove  of  oreat 
value  to  those  who  are  now  interested  in  the  extension  and  culti- 
vation of  fibre  plants  in  India. — (Editor.) 

* 
»  » 

WiLP  IxDKiO  (Tephrosia  PURPUREA  ;  Tamil,  KoUncki ; 
Telugu,  Vempali)  as  Green  Manure  for  Paddy  Lands. — Wild  in- 
digo is  an  erect  .shrub  growing  up  to  3  feet  in  height  and  3  feet  in 
diameter  at  top.     The  plant  belongs  to  the  family  of  pulses    and 
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is  recognised  as  one  of  the  best  green  manure  cops  tliere  is  ni  the 
eountiy.      It  has  a  long  tap  root  which  strikes  on  plant  food  fion, 
the   deeper   laj-ers   of    the   soil  and  is  a  means  of  im|iroving  tli<' 
texture    and    the    moisture    retaining   quality    of  the  land.      Ii 
possesses  the  power  or  means  of  absorbing  nitrogen  from  tlu-  an. 
The  plant  is  generally  found  on  high  level  waste  lands,  plams. 
and    fallow    lands    which  are  fairly  loose  in  texture.     It  is  keenly 
souo-ht  after  for  manure  during  the  cuhivation  season   when   it    ,> 
spread  ami  trodden  in  the  land  which  has  been  puddled  lor  the  sow- 
incr   or  transplanting  of  pad.ly.     It  is  carried  in  carts  or  as  head- 
lolds  at  a  great  cost  to  distances   varying   tv.nu    I    to    oO    miles; 
a   half.ton   load,    costing   Rs.    3-8  at    Sivagin.    costs    Ks.     Ill    at 
Ambasamudrum    wliich  is  45  miles  aw.ay.      Tnder  these  circnm 
stances  there  arose  a  question  as  to  why.  when  the  plant  grew  .n, 
certain  lands,  it  should  not  be  grown  ..ii  >imilar  foids  „„  winch    ,. 
eould  be  directly  used  as  manure  wUhmit  ,he  expense  and  trouble 
of  collecting  the  leaf  from  long   distances  outside.      ,\ee..,d,ngly 
experimental  sowing  of  the  .seed  on  a  large  scale  w«.s  hrst  star  ed 
.t  Sivagiri  in  the  Tinnevelly  district  will,  very  successtul  result.. 
.„d  ith^s  now  become  a  common  practice  to  col  ect   the  seed    for 
,owin.   and  sale  in  the  locality,  as  it  has  been  thoroughly  proved 
that  "ith  a  couple  of  ploughings  and  a  few  measures  of  seed  o,,.. 
o  two  tons  of  Ireeu  manure  can  be  easily  p.-'lu-d  ..n  the  spot 

T, iLiicriltural  Department  is  taking  much  interest  m 
,p,.eadin.  tlie  practice  also  in  other  districts  by  puroliHsmg  the 
spie.iaui^  I  .  ,       ])j„.in<x  the  present  season 

rc=:;::;.i"--^- '■■" ' ■'■-' 

,.  10  lbs  per  acre  u.mI  th.n  cveretl  u.tli  one 
NUdras  ----;';^^^^^,,  ,,...  iu  tl.e  ease  of  pulse  crops. 
or  tNVO  ploughuigs  a.  ..  g^'^^'^^'  >  ^^    ^^^^.  .  ,,,  ,,  ,„i,turo  when 

Tt    niav   also  be  sown  al(>t»i:  ^^"^'^  ^'"^"-'^  „ 

it    nia>    rti^t  ,.,.,„iirP    after    tin    harvest    of 

•-::;rtir:.if-"^--'------^^^^ 

-:    th      eed  terminates  within  about  a  week,  the  remaining  portion 
:;U  iirbatehes  at  different  tunes  later  on.     Ihe  chief    pecu- 


90  AGRICULTURAL   JOURNAL   OF   INDIA.-  [Vj,    t. 

liarity  cf  this  seed  is  that  it  lies  dormant  in  the  soil  for  even  a 
year  without  losing  its  vitality.  There  are  several  instances  in 
which  tlie  seed  did  not  germinate  the  first  season  it  was  sown,  but 
yielded  a  .satisfactory  green  manure  crop  after  the  succeeding  crop 
of  paddy  had  been  harvested,  the  seed  lying  dormant  in  the  soil 
throughout  the  period  the  paddy  crop  was  occupying  the   land. 

Occasional  showers  help  the  crop  to  come  up  well,  but  con- 
tinuous heavy  rains  producing  water-logged  conditions  even  for  a 
day  would  kill  it,  especially  a  young  crop.  The  crop  should  there- 
fore be  sown  at  the  end  of  the  rainy  season.  After  five  oi-  six 
months'  growth  it  can  be  ploughed  in  and  applied  as  green 
manure  for  the  succeeding  grain  crop. 

Single-crop- wet  lands  under  tanks  and  canals  will  be  im- 
mensely benefited  by  giowing  this  crop  instead  of  allowing  them 
to  lie  waste  and  weed}^  for  about  6  months  in  the  year. 

It  is  a  known  fact  that  the  generalit}^  of  ryots  are  now  nn- 
al)le  to  provide  sufficient  manure  for  all  the  land  they  hold  and 
this,  sooner  or  later,  must  have  a  serious  effect  on  the  yield  of 
their  crops.  The  best  advice,  therefore,  is  to  grow  a  green  manure 
crop  during  the  period  the  land  lies  empty  in  order  to  increase 
or  at  least  maintain  the  fertility  of  the  soil. 

As  goats  and  cattle  do  not  relish  wild  indigo  there  is  no 
fear  of  the  crop  being  destroyed  by  stray  animals. 

This  crop  will  not  grow  on  the  stiff  and  saline  soils,  but  even 
these  are  known  to  bear  a  crop  of  wild  indigo  when  improved  by 
continuous  and  heavy  applications  of  tank  silt,  sand,  and  leaf 
manure,  obtained  from  outside. 

If  the  organic  matter  in  the  soil  could  be  sufficiently  in- 
creased by  persistent  growing  of  green  manure  crop.s,  the  land  in 
course  of  time  becomessufficiently  loose  and  retentive  of  moisture  to 
allow  the  wild  indigo  crop  to  come  up  well  from  the  self-sown  seed 
without  even  the  necessity  of  ploughing  after  the  harvest  of  paddy. 

Wild  indigo  can  also  be  sown  on  dry  land  as  a  mixture  with 
gingelly  or  with  the  final  hoeing  of  other  crops.  In  this  case  also 
it  can  be  applied  as  manure  by  being  ploughed  in  either  stand- 
ing or  after  being  cut  and  spread  on  the  land— (A.  Rama  Rao.) 
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Dky-Far.ming  :   Its  Principles  and  Pkactice.    J3v  William    Mac- 

DONALD,  M.S.  Agl'.,  SC.D.,  pb.K..  FoREIGN  VjCE-PrESTDENT 
AND  CoRKKSPONDLXG  SECRETARY  FOR  THE  DrY-FaRMING  CON- 
GRESS.  (T.   Werner  Laurie,   London.) 

As  Stated  in  the  preface,  the  aim  of  this  volume  is  to  set 
forth  in  a  plain  way  the  salient  facts  of  that  new  branch  of  agri- 
cultural science  which  is  now  known  as  dry-farmino-.  Tt  will 
well  repay  perusal  by  any  one  interested  in  the  agriculture  of 
arid  or  semi-arid  reo;ions  in  which  India  is  included.  Drv-farm 
inof  is  defined  as  "  the  conservation  of  soil  moisture  durin^  lon«» 
periods  of  dry  weather  b}^  means  of  tillage,  together  with  the 
growth  of  drought-resistant  plants."  It  is  not  of  course  farming 
without  moisture,  for  that  would  be  clearly  impossible.  The 
phrase  is  now  loosely  applied  to  a  particular  form  of  farming  in 
all  places  where  the  rainfall  ranges  from  zero  to  30  inches  per 
annum.  It  is,  however,  much  more  a  (juestion  of  the  distribution 
<jf  a  limited  amount  of  rainfall  than  any  total  amount  per 
annum.  Thus,  while  30  inches  of  rain  well  distributed  throuorh- 
out  the  year  in  some  countiies  would  require  no  particular  etibrts 
on  the  part  of  the  farmer  for  conserving  the  moisture,  if  this 
same  30  inches  all  fell  in  three  months  of  the  year  leaving 
practicall}'  a  rainless  period  of  nine  months,  considerabh- 
ingenuit}^  would  be  necessary  to  conserve  the  moisture  and  grow 
orops  during  that  latter  period. 

In  India,  the  subject  of  dry-farming  is  of  considerable 
interest,  but  it  should  be  noted  that  the  practice  is  already  not 
unknown.  Indeed,  the  Rahi  crops  of  the  cold  weather  months 
have  to  be  grown  on  the  moisture  supplied  by    the    often    scanty 
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thrpe  months'  rainfall  of  the  nionsoon.  The  Indigo  Planters  of 
Behar,  before  the  introduction  of  Java  indigo  plant  which  is 
sown  in  September,  depended  entirely  on  the  moisture  of  the 
three  months  rain  in  the  monsoon  on  which  to  sow  and  germinate 
their  indiuo  crop  in  the  following  March.  The  methods  they 
adopted  during  that  period  of  practical  drought  from  October 
to  March  were  with  a  view  of  conserving  the  moisture  of  the 
soil.  Tli«'y  not  only  included  deep  digging  and  ploughing,  but 
also  the  clo.sing  and  pressing  down  of  the  soil  so  that  the 
moisture  from  below  might  rise  to  the  surface,  the  keeping  clean  of 
weeds  and  the  breaking  of  the  surface  and  formation  of  a  mulch 
whenever  a  ci-ust  was  formed  by  unexpected  rain.  So  too  the 
native  cultivator  in  legions  where  the  rainfall  is  barely  sufficient, 
or  the  physical  nature  of  the  soil  renders  it  unretentive  of 
moisture,  uses  methods  of  tillage  and  sowing  which  may  rightly 
be  classed  as  belonging  to  the  process  of  dry-farming.  While, 
therefore,  it  has  perhaps  been  reserved  to  America  to  work  out 
the  principles  underlying  dr3^-farming,  I  venture  to  think,  the 
practice,  so  far  as  India  is  ccmcerned,  is  of  some  antiquity.  Yet 
it  is  only  by  knowing  and  understanding  scientific  principles  and 
the  experience  of  others  that  progress  and  improvements  can  be 
achieved  so  that  the  Indian  Agriculturists  m-dy  well  leani  fiom 
tlieir  biethren  in  America.  ]n  that  country  in  tracts  where 
the  rainfall  is  markedly  deficient,  not  only  is  tillage  and  the 
<rrowth  of  tlrouo-ht  resistant  ijlants  resorted  to  but  the  holdings 
ai-e  of  such  a  size  tliat  the  farmer  is  enabled  to  place  one  portion 
under  treatment  without  crops  for  a  whole  year  with  the  sole 
object  of  preserving  the  moisture,  another  portion  under  crops 
and  a  third  in  [)asture  for  his  stock.  The  proportions  are  usually 
one  quarter  in  fallow,  one  quarter  in  crops  and  one  half  in  pasture. 
It  is,  therefore,  possible  that  one  of  the  methods  which  might, 
with  advantage,  be  tried  in  ]ndia,  where  lands  are  at  present  un- 
cultivated and  considered  unprofitable  for  want  of  sufficient  mois- 
ture, is  to  give  out  to  cultivators  holdings  four  times  the  usual  size. 
The  chaiacteristics  in  diy-farming  on  which  stress  is  laid  in 
America  are  [a)  a  deep  initial  preparation  of  the  land,  (b)  constant 
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sluillnw  al'ter-c-ulti\ali<)ii.  (r)  ral](»\\in<4-  the  laiitl  every  other  year, 
where  raiufMll  is  generally  detieient,  {d)  the  growth  of*  drought- 
resistant  cro[)8,  (e)  restricting  the  number  of  crops  to  a  few  staple 
crops  such  as  wheat,  barley,  etc.,  and  (  /')  placing  half  of  the  whole 
holding  under  pasture  for  stock.  An  important  matter,  however, 
must  be  noted  that  all  soils  do  not  lend  themselves  to  drv-farmin<j- 
and  therefore,  the  most  important  factor  in  the  whole  of  this 
subject  and  one  which  must  be  ascertained  before  anything  else 
is  done,  is  the  nature  and  quality  of  the  soil.  The  soil  should  be 
looked  upon  as  a  reservoir  for  the  storage  of  water  over  periods 
ranging  from  a  few  weeks  to  many  months.  Those  which 
retain  rainfall  best  are  sandy  loams  having  a  supply  of  well 
decomposed  vegetable  matter.  Clay  soils  are  unsuitable,  as  the 
moi-sture  does  not  rise  fast  enough  to  su[)ply  the  plant  during 
spells  of  very  dry  weather.  Soils  known  to  be  poor  in  lime 
.should  be  avoided  or  supplied  with  the  recpiired  lime.  Naturally, 
poor  soils  can  be  greatly  improved  and  made  good  dry-farming 
.soils  by  green  manuring  or  the  application  of  farm-yard  manure,^ 
but  the  application  of  commercial  fertilisers  is  seldom  of  much 
practical  benefit  to  the  dry-land  farmer  who  needs  more  a 
moisture-retaining  soil  rather  than  a  temporary  artificial  stimulant 
to  plant  growth. 

Mr.  Macdonald  has  rendered  a  great  service  by  placinc 
uithin  reach  of  any  interested  in  the  cultivation  of  arid  land  such 
a  complete  and  clear  stateme»it  of  the  principles  and  practice  of 
dry-farming,  and  it  is  to  be  hoped  that  members  of  the  Agri- 
cultural Department  interested  in  the  subject  will  make  use  of 
the  useful  information  he  supplies. — (EDrroK. ) 

*  * 

Fourth  Annual   Hkport  of   the  Com.mittke  of    Control  of  the 
South  African  Central  Locust  Burkau.     (Cape  Town.) 

The  Central  Locust  Bureau  of  South  A fiifH  was  formed  in 
1906  to  collate  reports  from  the  varituis  Colonies  of  South  Africa 
regarding  locusts,  mainly  their  occurrence  and  movements,  in 
order  that,  over  the  whole   area,  measures  again.st  them  could  be 
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correlated  and  the  best  methods  of  procedure  should  be  wid^h' 
known.  The  British  Colonies  contribute  to  the  cost  as  do  also 
German  South- West  Africa  and  Portuguese  East  Africa. 
Every  month  the  Bureau  issues  maps  showing  the  occurrence  of 
locusts  over  the  whole  area,  and  these  are,  at  the  end  of  the  ^-ear, 
united  to  form  chis  report.  It  is  probable  that  the  work  of  the 
Board  will  devolve  upon  the  Department  of  A^griculture  of  the 
Union  Government. 

There  are,  in  South  Africa,  two  locusts,  neither  occurring 
in  India.  Their  occurrence  varies  from  year  to  year,  and  the  year 
1909-10  was  marked  mainly  by  their  comparative  absence.  One 
species  occurred  scarcely  at  all  in  British  territory  and  hoppers 
were  found  onl}^  in  Mozambique  and  in  Natal,  the  cost  of  fight- 
ino-  them  in  the  last  being  under  £50.  The  second  locust  occur- 
red licrhtly  in  German  South- West  Africa,  seriously  in  the 
Orano-e  River  Colon}^  and  the  Cape  Colony,  enormous  swarms 
having  come  in  from  the  Kalahari  Desert.  A  strip  of  countiy 
200  miles  wide  was  infested  and  enormous  swarms  of  hoppers 
hatched.  These  were  destroyed  vigorously  and  the  country  was 
practically  cleared  of  locusts.  They  anticipate  a  few  years' 
freedom  from  the  pest.  Practically  the  sole  remedy  used  is  the 
application  of  a  strong  solution  of  arsenic  with  sugar  to  the  vege- 
tation the  hoppers  are  about  to  eat.  This  solution  is  issued 
ready  made  and  about  12,600  gallons  were  used.  There  were  a 
few  cases  of  stock  poisoning  due  to  gross  carelessness  in  the  use 
of  the  mixture.  In  the  Orange  River,  the  mixture  is  not  sprayed 
direct  on  to  the  growinir  vegetation  but  succulent  green  fodder 
is  cut,  poisoned  and  laid  out  for  the  hoppers. 

It  is  an  extremely  instructive  thing  to  realise  how  little 
danger  there  is  in  the  use  of  arsenical  poisons  in  this  way  ;  the 
method  used  has  been  tried  in  India  and  abandoned  on  account 
of  its  supposed  danger.  Yet  here  is  another  year's  experience 
under  very  similar  conditions  in  South  A^frica  and  they  report 
successful  use  of  the  method.  In  India,  the  use  even  of  very 
dilute  non-soluble  arsenical  poisons  such  as  Lead  Arseniate  is, 
by  the    ordinary  man,   looked    on    with    horror    and   the    use    of 
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insecticides  genemUy  ,s  aln.ust  unknown.  Our  locusts  are  very 
■  lifferent  to  those  of  South  -Africa  and  the  poisoned  bait-method 
could  scarcely  be  used,  but  it  is  as  well  to  realise  that  over  large 
areas  of  land  they  use  freely  a  solution  containing  twelve  tunes 
as  much  arsenic  as  in  an  ordinary  spray  for  crops. 

The  Locust  Bureau  and  the  territory  they  work  over  are  to 
be  concrratulated  on  the  success  they  have  attained  and  the  very 
solid  work  done.  The  report  aflords  interesting  reading,  is  well 
illustrated,  and  the  maps  are  most  valuable.— (H   M.  Lefrov.) 
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